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Effect  of  Inhaled  Nitric  Oxide  dur- 
ing Group  B  Streptococcal  Sepsis 
in  Piglets — JI  Berger.  RL  Gibson. 
GJ  Redding.  TA  Standaert,  WR 
Clarke.  WE  Truog.  Am  Rev  Respir 
Dis  1993:147:1080. 

Group  B  streptococcus  (GBS).  a  com- 
mon gram-positive  pathogen,  causes 
similar  pathophysiologic  changes  in 
newborn  humans  and  animals.  In- 
fusion of  GBS  into  neonatal  animals 
produces  pulmonary  hypertension 
and  ventilation-perfusion  (Va/Q)  mis- 
match in  both  early-phase  (<  1  h) 
and  late-phase  (2  to  6  h)  responses. 
Contrary  to  early  phase,  late  phase 
causes  pulmonary  vascular  injury. 
Nitric  oxide  (NO)  is  an  inhaled  vaso- 


dilator whose  effect  on  pulmonary 
hypertension  and  WQ  matching  dur- 
ing early  and  late  phases  of  GBS  sep- 
sis is  unclear.  We  hypothesized  that 
inhaled  NO  (150  ppm)  would  ( 1 )  re- 
verse early-phase  GBS-induced  pul- 
monary hypertension:  (2)  demon- 
strate less  effectiveness  in  reversing 
late-phase  GBS-induced  pulmonary 
hypertension  because  of  vascular  in- 
jury: (3)  improve  late-phase  GBS- 
induced  Va/Q  mismatching.  Anes- 
thetized, mechanically  ventilated  pig- 
lets (n  =  10:  14  ±  4  days  of  age)  re- 
ceived a  240-min  infusion  of  GBS 
(1.5  x  10"  CFU/kg/h).  Piglets  re- 
ceived 30  min  of  NO  (Study)  or  N; 
(Control)  at  30  and  210  min  of  GBS 
infusion.  We  found  that  inhaled  NO 


selectively  reversed  early-  and  late- 
phase  GBS-induced  pulmonary  hy- 
pertension and  that  NO  was  equally 
as  effective  in  each  phase.  Inhaled 
NO  did  not  reverse  V\/Q  mis- 
matching during  late-phase  GBS.  We 
conclude  that  4  h  of  GBS  sepsis  does 
not  injure  neonatal  pulmonary  vas- 
cular smooth  muscle  sufficiently  to 
impair  its  response  to  inhaled  NO. 

PEEP  Does  Not  Improve  Pulmo- 
nary Mechanics  in  Infants  with 
Bronchiolitis— PG  Smith.  MF  El- 
Khatib.  WA  Carlo.  Am  Rev  Respir 
Dis  1993:147:1295. 

Positive  end-expiratory  pressure 
(PEEP)  may  improve  pulmonary  rae- 
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To  treat  infants  with  RDS  confirmed  by  x-ray 
and  requiring  mechanical  ventilation,  give 
SURVANTA  as  soon  as  possible,  preferably  by 
8  hours  of  age 
CONTRAINDICATIONS 
None  known 
WARNINGS 

SURVANTA  is  intended  lor  intratracheal  use  only 
SURVANTA  CAN  RAPIDLY  AFFECT  OXY- 
GENATION AND  LUNG  COMPLIANCE.  There- 
fore, its  use  should  be  restricted  to  a  highly 
supervised  clinical  setting  with  immediate 
availability  of  clinicians  experienced  with  intu- 
bation, ventilator  management,  and  general 
care  ol  premature  infants.  Infants  receiving 
SURVANTA  should  be  frequently  monitored 
with  arterial  or  transcutaneous  measurement 
of  systemic  oxygen  and  carbon  dioxide. 

DURING  THE  DOSING  PROCEDURE. 
TRANSIENT  EPISODES  OF  BRADYCARDIA 
AND  DECREASED  OXYGEN  SATURATION 
HAVE  BEEN  REPORTED  II  these  occur,  stop 
the  dosing  procedure  and  initiate  appropriate 
measures  lo  alleviate  Ihe  condition.  After  sta- 
bilization, resume  the  dosing  procedure. 
PRECAUTIONS 
General 

Rales  and  moist  breath  sounds  can  occur 
transiently  after  administration  Endotracheal 
suctioning  or  other  remedial  action  is  not 
necessary  unless  clear-cut  signs  ol  airway 
obstruction  are  present. 

Increased  probability  of  post-treatment 
nosocomial  sepsis  in  SURVANTA-lrealed 
infants  was  observed  in  the  controlled  clinical 
trials  (Table  3)  The  increased  risk  lor  sepsis 
among  SURVANTA  -treated  infants  was  not 
associated  with  increased  mortality  among 
these  inlants.  The  causative  organisms  were 
similar  in  treated  and  control  infants.  There 
was  no  significant  difference  between  groups 
in  the  rate  of  post-treatment  infections  other 
than  sepsis. 

Use  of  SURVANTA  in  infants  less  than  600  g 
birth  weight  or  greater  than  1750  g  birth 
weight  has  not  been  evaluated  in  controlled 
trials  There  is  no  controlled  experience  with 
use  ol  SURVANTA  in  conjunction  with  experi- 
mental therapies  for  RDS  (eg.  high-frequency 
ventilation  or  extracorporeal  membrane 
oxygenation). 

No  information  is  available  on  the  effects  of 
doses  other  than  100  mg  phospholipids  kg 
more  than  four  doses,  dosing  more  frequently 
than  every  6  hours,  or  administration  after 
48  hours  of  age 

Carcinogenesis,  Mutagenesis. 
Impairment  ol  Fertility 
Reproduction  studies  in  animals  have  not  been 
completed  Mutagenicity  studies  were  nega- 
tive Carcinogenicity  studies  have  not  been 
perlormed  with  SURVANTA 
ADVERSE  REACTIONS 

The  most  commonly  reported  adverse  experi- 
ences were  associated  with  the  dosing  pro- 
cedure In  the  multiple-dose  controlled 
clinical  trials,  transient  bradycardia  occurred 
with  11.9%  ol  doses.  Oxygen  desaturation 
occurred  with  9  8%  ol  doses. 

Other  reactions  during  the  dosing  pro- 
cedure occurred  with  (ewer  than  1%  ol  doses 
and  Included  endotracheal  tube  reflux,  pallor, 
vasoconstriction,  hypotension,  endotracheal 
tube  blockage,  hypertension,  hypocarbia, 
hypercarbia,  and  apnea  No  deaths  occurred 
during  the  dosing  procedure,  and  all  reac- 
tions resolved  with  symptomatic  treatment 

The  occurrence  ol  concurrent  illnesses 
common  in  premature  infants  was  evaluated 
in  Ihe  controlled  trials.  The  rates  in  all  con- 
trolled studies  are  in  Table  3, 
TABLE  3 

Ml  Controlled  Stodlei 


SURVAMTA  Coetml 

Cotxuror.lt. em  (%|             (%|  p  VI 

Patent  ductus  arteriosus  46  9  47  1  0 

Intracranial  hemorrhage  48  t  45  2  Q 

hemorrhage  24  t  23  3  0 

Pulmonary  air  leaks  10  9  24  7 
Pulmonary  interstitial 

emphysema  20.2  38.4  <0 

Necrottnng  enterocolitis  6  1              5  3  0 

Apnea  65  4  59  6  0 

Severe  apnea  46 1  42  5  0 

Post-treatment  sepsis  20  7  16  1  0 

Post-treatment  imVlion  10  2            9  1  0 

Pulmonary  hemorrhage  7  2 S3 0 

aP-value  comparing  groups  In  controlled  studies 


When  all  controlled  studies  were  pooled, 
there  was  no  difference  in  intracranial  hemor- 
rhage However,  in  one  of  the  single-dose  res- 
cue studies  and  one  of  the  multiple-dose 
prevention  studies,  the  rate  of  intracranial 
hemorrhage  was  significantly  higher  in 
SURVANTA  patients  than  control  patients 
(63.3%  v  30  8%,  P  =  0.001;  and  48.8%  v 
34.2%,  i°  =  0  047.  respectively).  The  rate  in 
a  Treatment  IND  involving  approximately  4400 
infants  was  lower  than  in  the  controlled  trials. 
In  the  controlled  clinical  trials,  there  was 
no  effect  ol  SURVANTA  on  results  of  common 
laboratory  tests:  white  blood  cell  count 
and  serum  sodium,  potassium,  bilirubin, 
creatinine. 

More  than  3700  pretreatment  and  post- 
treatment  serum  samples  were  tested  by 
Western  Blot  immunoassay  lor  antibodies  to 
surfactant-associated  proteins  SP-B  and 
SP-C.  No  IgG  or  IgM  antibodies  were 
detected. 

Several  other  complications  are  known  to 
occur  in  premature  infants  The  following 
conditions  were  reported  in  the  controlled 
clinical  studies.  The  rates  of  the  complica- 
tions were  not  different  in  treated  and  control 
infants,  and  none  of  the  complications  were 
attributed  to  SURVANTA. 
Respiratory:  lung  consolidation,  blood  from 
the  endotracheal  tube,  deterioration  after 
weaning,  respiratory  decompensation,  sub- 
glottic stenosis,  paralyzed  diaphragm,  respi- 
ratory failure. 

Cardiovascular:  hypotension,   hypertension, 
tachycardia,  ventricular  tachycardia,  aortic 
thrombosis,  cardiac  failure,  cardio- 
respiratory arrest,  increased  apical  pulse, 
persistent  fetal  circulation,  airemoolism,  total 
anomalous  pulmonary  venous  return. 
Gastrointestinal:  abdominal  distention,  hem- 
orrhage, intestinal  perforations,  volvulus, 
bowel  infarct,  feeding  intolerance,  hepatic 
failure,  stress  ulcer. 
Renal:  renal  failure,  hematuria. 
Hematologic:  coagulopathy,  thrombo- 
cytopenia, disseminated  intravascular 
coagulation 

Central  Nervous  System:  seizures. 
Endocrine/Metabolic:  adrenal  hemorrhage, 
inappropriate  ADH  secretion,  hyper- 
phosphatemia. 

Musculoskeletal:  inguinal  hernia 
Systemic:  lever,  deterioration. 
Follow-Up  Evaluations 
To  date,  no  long-term  complications  or 
sequelae  of  SURVANTA  therapy  have  been 
found. 

Single-Dose  Studies 

Six-month  adjusted-age  follow-up  evaluations 
of  232  infants  (115  treated)  demonstrated  no 
clinically  important  differences  between 
treatment  groups  in  pulmonary  and  neu- 
rologic sequelae,  incidence  or  severity  of  reti- 
nopathy ol  prematurity,  rehospitalizations, 
growth,  or  allergic  manifestations. 
Multiple-Dose  Studies 
Six-month  adjusted  age  follow-up  evaluations 
have  not  been  completed  Preliminarily,  in 
605  (333  treated)  of  916  surviving  infants, 
there  are  trends  for  decreased  cerebral  palsy 
and  need  lor  supplemental  oxygen  in 
SURVANTA  inlants  Wheezing  at  the  time  ol 
examination  tended  to  be  more  frequent 
among  SURVANTA  infants,  although  there 
was  no  difference  in  bronchodilator  therapy. 

Twelve-month  follow-up  data  from  the  mul- 
tiple-dose studies  have  been  completed  in 
328  (171  treated)  ol  909  surviving  infants.  To 
date  no  significant  differences  between  treat- 
ments have  been  lound.  although  there  is  a 
trend  toward  less  wheezing  in  SURVANTA 
inlants  in  contrast  to  the  six  month  results. 

OVERDOSAGE 

Overdosage  with  SURVANTA  has  nol  been 
reported.  Based  on  animal  data,  overdosage 
might  result  in  acute  airway  obstruction. 
Treatment  should  be  symptomatic  and 
supportive 

Rales  and  moist  breath  sounds  can  tran- 
siently occur  after  SURVANTA  is  given,  and 
do  not  indicate  overdosage.  Endotracheal 
suctioning  or  other  remedial  action  is  not 
required  unless  clear-cut  signs  of  airway 
obstruction  are  present. 

HOW  SUPPLIED 

SURVANTA  (beractant)  Intratracheal  Suspen- 
sion is  supplied  in  single-use  glass  vials 
containing  8  mL  of  SURVANTA  (NOC 
0074-1040-08).  Each  milliliter  contains  25  mg 
of  phospholipids  (200  mg  phospholipids/ 
8  mL)  suspended  in  0.9%  sodium  chloride 
solution.  The  color  is  off-white  to  light  brown 
Store  unopened  vials  at  refrigeration  tem- 
perature (2-8X).  Protect  from  light  Store 
vials  in  carton  until  ready  lor  use.  Vials  are  for 
single  use  only.  Upon  opening,  discard 
unused  drug. 
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chanics,  work  of  breathing,  and  gas 
exchange  in  some  patients  with  res- 
piratory failure.  These  beneficial  ef- 
fects do  not  occur  consistently,  how- 
ever, and  side  effects,  such  as  gas 
trapping  due  to  expiratory  flow  lim- 
itation, may  be  exacerbated.  We  de- 
termined the  effects  of  PEEP  (0.  3,  6, 
and  9  cm  H:0  applied  in  random  or- 
der) on  the  expiratory  airway  resis- 
tance and  static  compliance  of  nine 
infants  mechanically  ventilated  for 
acute  bronchiolitis.  We  also  noted 
the  presence  of  inadvertent  PEEP 
(PEEPi)  to  determine  its  influence  on 
the  response  to  applied  PEEP.  Ap- 
plied PEEP  at  any  level  failed  to  con- 
sistently improve  passive  expiratory 
airway  resistance  or  increase  compli- 
ance from  baseline  (PEEP  =  0  cm 
H:0,  resistance  =  92  ±  32  cm  H20/ 
L/s;  compliance  =  0.71  ±0.19  mL/ 
cm  H:0/kg).  Increases  in  end-ex- 
piratory lung  volumes  ranged  from 
18  to  40%  of  the  tidal  volume  at 
maximal  PEEP.  Although  all  infants 
had  PEEPi  (5  ±  2  cm  H20),  PEEPi 
had  no  influence  on  the  response  of 
mechanics  to  applied  PEEP  other 
than  that  peak  inspiratory  pressures 
increased  when  PEEP  >  PEEPi.  We 
conclude  that  the  routine  use  of 
PEEP  in  infants  with  bronchiolitis 
does  not  consistently  improve  pas- 
sive expiratory  pulmonary  mechan- 
ics and  may  increase  the  risk  of  baro- 
trauma from  gas  trapping. 


Effects  of  High  Dose  Inhaled  Bec- 
lomethasone  Dipropionate,  750  pg 
and  1500  fjg  Twice  Daily,  and  40 
nig  per  Day  Oral  Prednisolone  on 
Lung  Function,  Symptoms,  and 
Bronchial  Hyperresponsiveness  in 
Patients  with  Non-Asthmatic  Chron- 
ic Airflow  Obstruction — DC  Weir, 
PS  Burge.  Thorax  1993;48:  309. 

BACKGROUND:  The  effect  of 
treatment  with  inhaled  corticoster- 
oids in  patients  with  non-asthmatic 
chronic   airflow   obstruction   is   still 


disputed.  Whether  any  physiological 
improvements  seen  are  accompanied 
by  changes  in  bronchial  respon- 
siveness and  symptoms  and  quality 
of  life  is  also  still  unclear.  METH- 
ODS: A  sequential  placebo-con- 
trolled, blinded  parallel  group  study 
investigating  the  effect  of  3  weeks  of 
treatment  with  inhaled  beclo- 
methasone  dipropionate  (BDP),  750 
Hg  or  1500  /.ig  twice  daily,  and  oral 
prednisolone,  40  mg  per  day.  was 
carried  out  in  105  patients  with  se- 
vere non-asthmatic  chronic  airflow 
obstruction  (mean  age  66  years, 
mean  forced  expiratory  volume  in 
one  second  [FEV,]  1.05  litres  [40% 
predicted],  geometric  mean  PD2„ 
0.52  ,umol).  End  points  assessed 
were  FEV|,  forced  vital  capacity 
(FVC),  and  peak  expiratory  flow 
(PEF).  bronchial  responsiveness  to 
inhaled  histamine,  and  quality  of  life 
as  measured  by  a  formal  quality  of 
life  questionnaire.  RESULTS:  Both 
doses  of  BDP  produced  equivalent, 
small,  but  significant  improvements 
in  FEV  1  (mean  48  mL),  FVC  (mean 
120  mL),  and  PEF  (mean  12.4  L/ 
min).  The  addition  of  oral  predniso- 
lone to  the  treatment  regime  in  two 
thirds  of  the  patients  did  not  produce 
any  further  improvement  in  these  pa- 
rameters. Inhaled  BDP  produced  a 
treatment  response  in  individual  pa- 
tients (defined  as  an  improvement  in 
FEV,,  FVC,  or  mean  PEF  of  at  least 
20%  compared  with  baseline  values) 
more  commonly  than  placebo  (34% 
vs  15%).  The  two  doses  of  BDP 
were  equally  effective  in  this  respect, 
and  again  no  further  benefit  of  treat- 
ment with  oral  pednisolone  was  not- 
ed. Treatment  with  BDP  for  up  to  6 
weeks  did  not  affect  bronchial  re- 
sponsiveness to  histamine.  Small  but 
significant  improvements  were  seen 
in  dyspnoea  during  daily  activities, 
and  the  feeling  of  mastery  over  the 
disease.  CONCLUSIONS:  High  dose 
inhaled  BDP  is  an  effective  treat- 
ment for  patients  with  chronic  air- 
flow obstruction  not  caused  by  asth- 


ma. Both  objective  and  subjective 
measures  show  improvement.  Unlike 
asthma,  no  improvement  in  bronchial 
responsiveness  was  detected  after  6 
weeks  of  treatment. 

Effect  of  Salhutamol  on  Histamine- 
Induced  Bronchoconstriction  in 
Healthy  Infants — AJW  Henderson, 
S  Young.  SM  Stick.  LI  Landau,  PN 
LeSouef.  Thorax  1993;48:317. 

BACKGROUND:  The  effect  of  in- 
haled /^-adrenergic  drugs  on  infants 
with  wheezing  disorders  remains 
controversial.  Salhutamol  inhibits  the 
bronchial  responsiveness  of  infants 
to  histamine  and  nebulised  water  but 
whether  or  not  it  acts  as  a  broncho- 
dilator  in  this  age  group  is  unclear. 
The  aim  of  the  present  study  was  to 
determine  whether  salhutamol  can 
hasten  the  reversal  of  histamine- 
induced  bronchoconstriction  in  in- 
fants. METHODS:  Bronchial  chal- 
lenge with  histamine  was  performed 
in  40  infants  aged  12  months  or  less 
with  no  previous  history  of  res- 
piratory symptoms.  Response  to  his- 
tamine was  assessed  by  forced  par- 
tial expiratory  flow-volume  curves  to 
measure  maximal  flow  at  functional 
residual  capacity  (VmaxFRC).  After 
a  fall  of  40%  or  more  from  baseline 
VmaxFRC,  each  infant  was  ran- 
domly assigned  to  receive  either  sal- 
hutamol 0.5%  or  saline  0.9%  solu- 
tion by  nebuliser.  The  rate  of 
recovery  of  VmaxFRC  and  the  time 
to  reach  baseline  VmaxFRC  were 
derived  by  linear  regression.  RE- 
SULTS: Infants  who  received  salhu- 
tamol had  a  significantly  faster  rate 
of  recovery  (geometric  mean  8.5  mL/ 
s/min)  than  those  who  received  sa- 
line (4.1  mL/s/min).  Considerable  in- 
terindividual  variation  was  observed 
in  the  time  from  maximum  broncho- 
constriction to  recovery  of  baseline 
VmaxFRC  in  both  groups  of  sub- 
jects. CONCLUSIONS:  Salhutamol 
significantly  speeds  the  reversal  of 
histamine-induced    bronchoconstric- 
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tion  in  infants  during  the  first  12 
months  of  life.  This  observation  pro- 
vides further  evidence  to  support  the 
presence  of  functional  ^-adrenergic 
receptors  in  the  airways  of  infants. 

Body  Weight  and  Weight  Gain  Re- 
lated to  Pulmonary  Function  De- 
cline in  Adults:  A  Six  Year  Follow- 
Up  Study— Y  Chen.  SL  Home,  JA 
Dosman.  Thorax  1993;48:375. 

BACKGROUND:  Obesity  increases 
the  risk  of  cardiovascular  disease, 
hypertension,  diabetes,  digestive  dis- 
eases, and  some  cancers.  Several 
studies  have  shown  that  excess 
weight  or  weight  gain  is  related  to 
pulmonary  dysfunction,  but  this  is- 
sue needs  to  be  further  clarified. 
METHODS:  The  analysis  was  based 
on  data  of  the  Humboldt  cohort  study 
which  was  conducted  in  the  town  of 
Humboldt,  Saskatchewan,  Canada. 
The  baseline  survey  in  1977  included 
1.202  adults,  comprising  94%  of  all 
residents  aged  25-59  years.  Of  these, 
709  (59%)  were  followed  up  in 
1983.  Pulmonary  function  [forced  vi- 
tal capacity  (FVC),  forced  expiratory 
volume  in  one  second  (FEV|)  and 
maximal  mid-expiratory  flowrate 
(MMFR)]  and  weight  were  measured 
in  both  surveys.  Weight  gain  was  de- 
termined by  subtracting  weight  at 
baseline  from  weight  at  follow-up.  A 
residual  analysis  was  used  to  ex- 
amine the  relationship  between  body 
mass  index  (BMI)  at  baseline,  weight 
gain,  and  pulmonary  function  de- 
cline. RESULTS:  Both  BMI  at  base- 
line and  weight  gain  were  signifi- 
cantly related  to  pulmonary  function 
at  follow-up.  The  effect  of  weight 
gain  during  the  study  period,  how- 
ever, was  more  prominent.  The  re- 
sults showed  that  both  mean  residual 
FVC  and  FEV|  were  highest  in  the 
group  that  gained  <  1 .0  kg,  lowest  in 
the  group  that  gained  >  4.0  kg,  and 
intermediate  in  the  group  that  gained 
1.0-3.9  kg  in  both  men  and  women 
after  taking  age,   BMI   at  baseline. 


and  smoking  into  account.  The  effect 
of  weight  gain  on  pulmonary  func- 
tion was  greater  in  men  than  in  wom- 
en. Multiple  regression  analysis 
showed  that  each  kilogram  of  weight 
gain  was  associated  with  an  excess 
loss  of  26  mL  in  FVC  and  23  mL  in 
FEVi  in  men,  and  14  mL  and  9  mL, 
respectively,  in  women.  CONCLU- 
SIONS: Weight  gain  is  significantly 
related  to  lung  dysfunction.  The  ef- 
fect of  weight  gain  on  pulmonary 
function  is  greater  in  men  than  in 
women. 

Effect  of  Stored-Blood  Transfusion 
on  Oxygen  Delivery  in  Patients 
with  Sepsis— PE  Marik,  WJ  Sibbald. 
JAMA  1993:269:3024. 

BACKGROUND:  Red  blood  cell 
transfusion  is  commonly  used  to  aug- 
ment systemic  oxygen  delivery  to  su- 
pranormal  levels  in  patients  with  sep- 
sis. However,  clinical  studies  have 
not  consistently  demonstrated  that 
this  therapeutic  maneuver  is  accom- 
panied by  an  increase  in  oxygen  util- 
ization at  either  the  whole-body  level 
or  within  individual  organs.  STUDY 
OBJECTIVES:  To  determine  the  ef- 
fect of  red  blood  cell  transfusion  on 
gastrointestinal  and  whole-body  oxy- 
gen uptake.  DESIGN:  Prospective, 
controlled,  interventional  study.  SET- 
TING: Multidisciplinary  intensive 
care  unit  of  a  tertiary  care  teaching 
hospital.  PATIENTS:  Twenty-three 
critically  ill  patients  with  sepsis  un- 
dergoing mechanical  ventilation. 
MEASUREMENTS  &  MAIN  RE- 
SULTS: Systemic  oxygen  uptake 
was  measured  by  indirect  cal- 
orimetry  and  calculated  by  the  Fick 
method.  Gastric  intramucosal  pH  as 
measured  by  tonometry  was  used  to 
assess  changes  in  splanchnic  oxygen 
availability.  Measurements  were 
made  prior  to  transfusion  of  3  units 
of  packed  red  blood  cells.  These 
were  then  repeated  immediately  fol- 
lowing transfusion,  as  well  as  3  and 
A  hours  later.  There  was  no  increase 


in  systemic  oxygen  uptake  measured 
by  indirect  calorimetry  in  any  of  the 
patients  studied  for  up  to  6  hours 
posttransfusion  (including  those  pa- 
tients with  an  elevated  arterial  lactate 
concentration).  However,  the  cal- 
culated systemic  oxygen  uptake  in- 
creased in  parallel  with  the  oxygen 
delivery  in  all  the  patients.  More  im- 
portantly, we  found  an  inverse  as- 
sociation between  the  change  in  gas- 
tric intramucosal  pH  and  the  age  of 
the  transfused  blood  (r  =  -0.71;  p  < 
0.001).  In  those  patients  receiving 
blood  that  had  been  stored  for  more 
than  15  days,  the  gastric  intra- 
mucosal pH  consistently  decreased 
following  the  red  blood  cell  trans- 
fusion. CONCLUSION:  We  failed  to 
demonstrate  a  beneficial  effect  of  red 
blood  cell  transfusion  on  measured 
systemic  oxygen  uptake  in  patients 
with  sepsis.  Patients  receiving  old 
transfused  red  blood  cells  developed 
evidence  of  splanchnic  ischemia.  We 
postulate  that  the  poorly  deformable 
transfused  red  blood  cells  cause 
microcirculatory  occlusion  in  some 
organs,  which  may  lead  to  tissue  is- 
chemia in  some  organs. 

Small  Bore  Nozzle  Extensions  to 
Improve  the  Delivery  Efficiency  of 
Drugs  from  Metered  Dose  In- 
halers:   Laboratory    Evaluation — 

RW  Niven.  RM  Kacmarek.  JD 
Brain.  RA  Peterfreund.  Am  Rev  Res- 
pirDis  1993:147:1590. 

Metered  dose  inhalers  (MDIs)  are 
frequently  used  to  supply  aerosolized 
drugs,  particularly  bronchodilators. 
to  the  tracheobronchial  tree  of  pa- 
tients with  endotracheal  tubes  in  the 
intensive  care  unit  or  in  the  operating 
room.  The  efficiency  of  delivery  to 
the  lungs  of  agents  such  as  the  /3:- 
adrenergic  agonists  is  known  to  be 
low.  In  an  in  vitro  model,  we  evalu- 
ated a  means  of  improving  the  de- 
livery of  drug  released  from  an  MDI 
beyond  the  distal  tip  of  the  endo- 
tracheal tube.  Extensions  of  the  MDI 
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Rapid  initiation  and  close  monitoring  of  therapy  are  vital  to 
successful  ER  management  of  severe  asthma.1  That's  why 
the  ASSESS®  Peak  Flow  Meter  should  be  a  vital  part  of 
your  armamentarium.  ASSESS  lets  you  — 

Measure  airway  obstruction  easily, 
accurately,  cost-effectively. 

Peak  expiratory  flow  rate  (PEFR)  provides  an  objective, 
clinically  relevant  measurement  of  airflow  —  at  a  fraction 
of  the  cost,  bulk,  and  inconvenience  of  conventional 
spirometry.2  And  when  seconds  count,  you  can  count  on 
ASSESS  to  deliver  those  measurements  with  superior 
accuracy  and  reproducibility.*"5 

Evaluate  response  to  therapy  and 
need  for  hospitalization. 

How  is  your  patient  doing?  What  should  you  be  doing? 
From  initial  presentation  through  discharge,  the  rugged, 
compact  ASSESS  gives  you  the  hard  data  you  need  —  as 
often  as  you  need  it — to  help  you  make  informed  treatment 
decisions  in  line  with  NAEP  recommendations.2 

Help  prevent  future  acute  exacerbations. 

Patients  don't  come  back  when  their  maintenance  therapy 
stays  on  track.  Keep  it  on  track  with  ASSESS  —  and  a 
regular  program  of  PEFR  monitoring  at  home,  work,  or 
school  —  as  a  routine  part  of  your  discharge  orders. 

KiSS,.    For  more  information  about  how  ASSESS  can  help 
|H    you  deliver  better  asthma  care,  call  HealthScan 
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nozzle  were  fashioned  from  modified 
intravenous  catheters  or  sections  of 
small  bore  polyethylene  tubing.  A 
model  trachea/carina  was  construct- 
ed and  suspended  above  a  collecting 
device.  An  albuterol  MDI  was  actu- 
ated through  the  nozzle  extension 
and  into  the  model  airway.  We  meas- 
ured the  quantity  of  albuterol  depos- 
ited in  the  nozzle  extension,  in  the 
trachea/carina,  and  in  the  distal  col- 
lecting device.  Particle  size  dis- 
tribution was  determined  with  a  cas- 
cade impactor.  The  results  indicate 
an  inverse  relationship  between  the 
quantity  of  drug  delivered  distally 
and  the  inner  diameter  of  the  nozzle 
extension,  with  a  marked  increase  in 
delivery  for  an  inner  diameter  <  1 
mm.  Ninety  percent  of  the  actuated 
dose  from  the  MDI  exited  a  0.76-mm 
inner  diameter  nozzle  extension. 
From  20  to  30%  of  the  nominal  MDI 
dose  was  recovered  from  the  distal 
collector,  70%  of  which  deposited  in 
the  particle  size  range  of  I  to  5  [im. 
Deposition  in  the  trachea/carina  was 
high,  but  this  was  reduced  by  intro- 
ducing a  flare  in  the  tip  of  the  nozzle 
extension,  which  did  not  affect  the 
dose  reaching  the  distal  collector. 
The  data  suggest  that  nozzle  exten- 
sions for  MDIs  can  substantially  im- 
prove distal  delivery  of  aerosolized 
drugs.  This  strategy  may  have  clini- 
cal utility  in  the  therapy  of  broncho- 
spasm  or  other  conditions  in  patients 
with  endotracheal  tubes. 

Performance  Characteristics  and 
Interanalyzer  Variability  of  P02 
Measurements  Using  Tonometered 
Human  Blood— PE  Scuderi,  DA 
MacGregor,  DL  Bowton,  LC  Harris, 
R  Anderson.  RL  James.  Am  Rev 
RespirDis  1993;  147: 1 354. 

We  performed  a  side-by-side  com- 
parison of  the  ability  of  four  blood 
gas  analyzers  (IL- 1312.  Corning- 
178,  AVL-995,  and  ABL-330)  to 
measure  Po:  across  a  wide  range 
under   controlled    laboratory    condi- 


tions. Samples  of  fresh  whole  human 
blood,  tonometered  with  analytic 
quality  gas,  were  prepared  with  par- 
tial pressures  of  oxygen  from  0  to 
283  torr.  Fifteen  determinations  were 
made  at  16  levels  of  tonometric  P02 
(tPo:)  on  each  of  the  four  blood  gas 
analyzers.  The  bias,  precision,  and 
root  mean  squared  error  (RMSE)  of 
the  Po;  measurement  relative  to  tPo: 
were  determined  for  each  analyzer  at 
each  tPo:  level.  Mean  (SD)  bias  and 
precision  across  the  range  tested 
were  2.78  (1.29)  torr  (IL).  -0.35 
(1.91)  (Corning).  2.14  (1.43)  (AVL), 
and  3.00  (1.47)  (ABL).  RMSE  was 
3.28,  2.61.  3.57,  and  2.41  for  IL. 
AVL,  ABL,  and  Corning,  respec- 
tively. Percent  RMSE  (RMSE/tP02 
x  100%),  ranged  from  0.9%  (AVL 
at  75  torr  P02  and  IL  at  283  torr  tPo2) 
to  9.1%  (IL  at  29  torr  tP0:).  Three 
analyzers  (AVL,  ABL.  and  Corning) 
showed  a  statistically  significant  (p  < 
0.0001)  correlation  between  RMSE 
and  tPo;,  and  no  correlation  between 
percent  RMSE  and  tPo:-  This  dem- 
onstrates that,  for  these  instruments, 
accuracy  is  a  function  of  the  mag- 
nitude of  the  tPo:  value.  IL  did  not 
show  a  significant  correlation  be- 
tween RMSE  and  tPo:  but  did  dem- 
onstrate a  significant  negative  corre- 
lation (r  =  -0.78,  p  >  0.001 )  between 
percent  RMSE  and  tPo;,  indicating 
that,  for  this  analyzer,  accuracy  is  not 
a  function  of  tPo>  The  differences  in 
P02  measurements  between  pairs  of 
analyzers  were  also  examined.  The 
mean  ±  95%  confidence  limits  for 
the  overall  differences  ranged  from  a 
low  of  -0.87  ±  3.90  (AVL-ABL 
pair)  to  a  high  of  3.30  ±  7.49  (ABL- 
Corning  pair),  owing  to  the  analyzer- 
specific  differences  in  systematic 
tendency  to  over-  or  underestimate 
the  target  Po:  (ie,  positive  or  neg- 
ative bias).  There  are  statistically  sig- 
nificant differences  in  both  means 
and  variances  between  pairs  of  blood 
gas  analyzers  across  most  of  the 
ranges  of  tPo:  tested.  Under  con- 
trolled laboratory  conditions,  the  bias 


ranges  from  -3.06%  to  8.62%  and 
precision  from  0.82%  to  3.76%  of 
the  tPo:  on  any  one  analyzer;  how- 
ever, interanalyzer  differences  in  re- 
ported Po:  of  10%  or  more  (95% 
confidence  limit)  could  occur  if  the 
same  sample  were  run  concurrently 
on  two  different  brands  of  blood  gas 
analyzers. 

Physiologic  Responses  and  Dis- 
tribution of  Aerosolized  Surfactant 
(Survanta®)  in  a  Nonuniform  Pat- 
tern of  Lung  Injury — JF  Lewis.  M 
Ikegami,  AH  Jobe,  D  Absolom.  Am 
Rev  RespirDis  1993:147:1364. 

The  underlying  pattern  of  lung  injury 
in  patients  with  the  adult  respiratory 
distress  syndrome  (ARDS)  may  be 
nonuniform.  The  purpose  of  this 
study  was  to  document  whether  a 
nonuniform  pattern  of  lung  injury  in- 
fluences treatment  responses  to  aero- 
solized exogenous  surfactant.  Adult 
sheep  underwent  either  total  lung 
lavage  (Tot  Lav)  or  partial  lung  lav- 
age (Par  Lav)  with  saline,  and  they 
were  subsequently  mechanically  ven- 
tilated for  90  min.  Previous  studies 
confirmed  that  this  procedure  in- 
duces acute  lung  injury.  Partial  lav- 
age animals  had  their  right  upper 
lobe  (RUL)  protected  from  lavage  by 
balloon  obstruction  of  the  RUL  bron- 
chus, and  the  occlusion  was  removed 
prior  to  the  ventilatory  period.  An- 
imals in  both  groups  were  then  treat- 
ed with  either  nebulized  surfactant 
(Neb  Surf)  or  nebulized  saline  (Neb 
Saline)  for  a  further  180  min.  Pao;. 
Paco>  and  peak  inspiratory  pressure 
significantly  improved  for  the  Tot 
Lav-Neb  Surf  animals  compared 
with  pretreatment  values  (p  <  0.01). 
There  were  no  significant  changes 
for  the  other  three  groups  (Tot  Lav- 
Neb  Saline.  Par  Lav-Neb  Surf,  Par 
Lav-Neb  Saline).  Lobar  distribution 
of  aerosolized  ['H]surfactant  in  lung 
tissue  revealed  that  Par  Lav-Neb 
Surf  animals  had  =  50%  of  the  total 
surfactant  recovered  from  the  RUL 
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compared  with  =  20%  recovery  from 
the  RUL  in  the  Tot  Lav-Neb  Surf 
group.  The  preferential  deposition  of 
exogenous  surfactant  in  the  RUL  of 
the  Par  Lav-Neb  Surf  group  resulted 
in  significantly  less  surfactant  de- 
posited in  other  injured  regions  of 
the  lung  (p  <  0.05).  Lobar  distri- 
bution of  ventilation  was  measured 
prior  to  killing  the  animals  with 
P'Tc]  sulfur  colloid  aerosol,  and  lo- 
bar distribution  of  blood  flow  was 
measured  before  treatment  and  be- 
fore the  animals  were  killed  with  ra- 
diolabeled microsphere  injections. 
Aerosolized  surfactant  therapy  did 
not  result  in  significant  changes  in 
ventilation-perfusion  matching  as 
measured  at  the  lobar  level.  The  un- 
derlying pattern  of  lung  injury  influ- 
enced surfactant  distribution,  which 
subsequently  affected  physiologic  re- 
sponses to  the  surfactant  therapy. 

Determinants  of  Continuous  Pos- 
itive Airway  Pressure  Level  for 
Treatment  of  Obstructive  Sleep 
Apnea — H  Miljeteig,  V  Hoffstein. 
Am  Rev  Respir  Dis  1993;  147: 1526. 

The  purpose  of  this  study  was  ( 1 )  to 
examine  the  factors  that  account  for 
the  variability  in  continuous  positive 
airway  pressure  (CPAP)  levels  re- 
quired to  abolish  obstructive  sleep 
apnea  (OS A)  in  patients  with  this 
disorder,  and  (2)  to  examine  the  fea- 
sibility of  predicting  the  lowest  ef- 
fective pressure  (CPAPmin)  from 
simple  anthropometric  and  polysom- 
nography variables  easily  available 
in  all  patients  considered  for  home 
CPAP  therapy.  To  accomplish  these 
tasks  we  studied  a  group  of  208  pa- 
tients with  OS  A  all  of  whom  were 
treated  with  nasal  CPAP  at  home. 
We  first  analyzed  a  model  set  of  38 
patients  all  of  whom  had  at  least  two 
polysomnographic  studies  (the  diag- 
nostic one  and  a  subsequent  one  to 
determine  CPAPmin  for  home  use). 
anthropometric  measurements  (in- 
cluding body  mass  index,  neck  cir- 


cumference, and  waist  circumfer- 
ence), pulmonary  function  measure- 
ments (lung  volumes,  airways  re- 
sistance, and  flow- volume  curves), 
pharyngeal  and  glottic  cross-sec- 
tional areas  at  functional  residual  ca- 
pacity and  residual  volume,  and  na- 
sal airflow  resistances.  We  compared 
patients  requiring  CPAP  >  10  cm 
FLO  with  those  who  required  CPAP 
<  5  cm  H:0.  The  high  CPAP  group 
was  characterized  by  a  greater  de- 
gree of  obesity,  more  severe  sleep 
apnea,  and  more  collapsible  pharynx. 
Multiple  linear  regression  analysis 
using  principal  components  and  Mal- 
lows C(P)  statistics  revealed  that  the 
optimal  set  of  predictors  for  CPAP- 
min consisted  of  only  three  var- 
iables: apnea/hypopnea  index,  body 
mass  index,  and  neck  circumference. 
This  model  accounted  for  76%  of  the 
variability  in  CPAP.  Prediction  equa- 
tion for  CPAPmin  based  on  this 
model  was  validated  in  a  separate 
confirmation  set  of  129  patients  and 
was  found  to  agree  closely  with 
CPAPmin  determined  in  the  sleep  la- 
boratory (8.1  ±  3.0  cm  FLO  vs  8.0  ± 
2.1  cm  H:0  for  the  predicted  and 
measured  values,  respectively).  We 
conclude  that  ( 1 )  variability  in  pres- 
sures required  to  abolish  sleep  apnea 
are  related  primarily  to  obesity  and 
severity  of  OSA,  and  (2)  it  is  pos- 
sible to  predict  the  initial  CPAP  with 
sufficient  accuracy  to  simplify  the 
empiric  determination  of  best  CPAP 
in  the  sleep  laboratory. 

Forced  Expiratory  Flows  and 
Lung  Volumes  in  Normal  In- 
fants— RS  Tepper,  T  Reister  (with 
the  technical  assistance  of  C  An- 
gelicchio-Keller,  J  Kisling).  Pediatr 
Pulmonol  1993;15:357. 

Forced  expiratory  flows  at  functional 
residual  capacity  (VmaxFRC)  by  the 
rapid  compression  technique  and 
functional  residual  capacity  (FRC) 
by  the  helium  dilution  technique 
were  assessed  in  112  normal  infants 


with  a  mean  age  of  10.7  months 
(range  1.0-31.0).  In  predicting  FRC. 
log  transformation  was  appropriate 
and  body  length  was  the  best  pre- 
dictor. For  VmaxFRC.  age  was  a  bet- 
ter predictor  than  length,  and  loga- 
rithmic transformation  was  not  re- 
quired. 

ln(FRC)= -5.465 +  2.49  •  In(length) 

SD  =  0. 178;  r:  =  0.83 

VmaxFRC  =  -397  +  9.36  \  (age) 
SD  =  88;  r:  =  0.52 

There  were  no  gender  differences  for 
FRC  or  VmaxFRC;  however,  male 
infants  exposed  to  passive  cigarette 
smoke  tended  to  have  lower  flows 
than  male  infants  not  exposed  (p  < 
0.07).  This  study  establishes  nor- 
mative values  for  VmaxFRC  and 
FRC  in  infants  between  1  and  31 
months  of  age,  and  suggests  that  pas- 
sive cigarette  smoke  exposure  has  an 
adverse  effect  upon  forced  expiratory 
flows  in  male  infants. 

A  2-  to  3- Year  Outcome  after 
Bronchiolitis — M  Korppi.  T  Reijo- 
nen,  L  Poysa,  K  Juntunen-Backman. 
AJDC  1993:147:628. 

OBJECTIVE:  To  determine  the  risk 
factors  and  short-term  outcome  until 
3  years  of  age  for  subsequent  wheez- 
ing in  children  with  early  childhood 
bronchiolitis  or  pneumonia.  DE- 
SIGN: Prospective  follow-up  of  a  pa- 
tient group.  SETTING:  University 
hospital  providing  primary  care  for 
all  pediatric  patients  of  a  defined 
area.  PATIENTS:  127  children  under 
2  years  of  age  hospitalized  owing  to 
wheezing  (n  =  83)  or  pneumonia  (n  = 
44)  during  12  months  in  1981  to 
1982.  One  hundred  eight  children 
completed  the  prospective  follow-up 
until  3  years  of  age.  INTERVEN- 
TIONS: None.  MAIN  RESULTS: 
The  wheezing  and  pneumonia  groups 
had  equal  viral  and  bacterial  etiolog- 
ic    findings.    History    of   whee/ing. 
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atopic  eczema,  and  elevated  serum 
IgE  levels  were  more  common  in  pa- 
tients with  wheezing  than  with  pneu- 
monia. Subsequent  wheezing  was 
seen  after  bronchiolitis  in  76%  (61  of 
80)  of  the  children  at  1  to  2  years  of 
age  and  in  58%  (44  of  76)  at  2  to  3 
years  of  age.  The  respective  figures 
were  significantly  lower,  9%  (3  of 
33)  and  16%  (5  of  32),  in  patients 
with  pneumonia.  An  analysis  of  risk 
factors  did  not  reveal  any  with  a 
significant  effect  on  subsequent 
wheezing.  CONCLUSIONS:  Sub- 
sequent wheezing  is  common  after 
bronchiolitis,  but  rare  after  early 
childhood  pneumonia,  although 
caused  by  the  same  viruses  or  bac- 
teria. Atopic  diathesis  is  the  host  fac- 
tor associated  with  initial  wheezing. 
No  genetic  or  environmental  risk  fac- 
tor had  significant  association  with 
later  wheezing. 


A  Sleep  Position-Dependent  Mech- 
anism for  Infant  Death  on  Sheep- 
skins—JS  Kemp.  BT  Thach.  AJDC 
1993;  147:642. 


OBJECTIVE:  To  determine  whether 
rebreathing  of  expired  air  is  a  plau- 
sible lethal  mechanism  of  sudden 
death  in  infants  sleeping  face  down 
on  sheepskins.  DESIGN:  Case  re- 
ports of  infants  who  died  on  sheep- 
skins combined  with  a  controlled 
study  of  effects  of  their  respiratory 
microenvironment  at  death.  SET- 
TING: Research  laboratory.  MA- 
TERIALS: Rabbits  used  experi- 
mentally to  assist  in  simulation  of  an 
infant's  respiratory  microenviron- 
ment. Rabbits  breathed  into  sheep- 
skin through  the  airway  of  an  infant 
mannequin.  INTERVENTION:  None. 
MEASUREMENTS   &   MAIN   RE- 


SULTS: Rebreathing  of  expired  air 
was  documented  by  carbon  dioxide 
analysis  of  airway  gas.  Arterial  blood 
gas  analysis  showed  hypoxemia,  hy- 
percarbia.  and  acidosis  in  all  experi- 
mental rabbits  but  not  in  controls. 
Rebreathing  expired  air  was  lethal 
for  three  of  four  experimental  rab- 
bits. CONCLUSIONS:  Infants  sleep- 
ing prone  on  a  sheepskin,  with  their 
faces  straight  down,  experience  po- 
tentially lethal  rebreathing  of  expired 
air.  Avoidance  of  the  prone  position 
would  markedly  reduce  the  risk  of 
rebreathing  expired  air.  The  pro- 
nounced decrease  in  sudden  infant 
death  syndrome  in  southern  New 
Zealand  that  followed  a  campaign  to 
eliminate  prone  sleeping  may  have 
been  attributable  to  reduced  fatal  re- 
breathing, as  deaths  of  infants  sleep- 
ing face  down  on  sheepskins  were 
common  before  the  campaign. 
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ABSTRACTS 


Smoking  and  Lung  Function  in 
Elderly  Men  and  Women:  The 
Cardiovascular     Health     Study — 

MW  Higgins,  PL  Enright.  RA  Kron- 
mal,  MB  Schenker,  H  Anton-Culver, 
M  Lyles  (tor  the  Cardiovascular 
Health  Study  Research  Group). 
JAMA  1993;269:2741. 

OBJECTIVE:  To  investigate  re- 
lationships between  cigarette  smok- 
ing and  pulmonary  function  in  el- 
derly men  and  women.  DESIGN: 
Cross-sectional  analysis  of  baseline 
data  from  a  prospective,  population- 
based  study  of  risk  factors,  pre- 
clinical, and  overt  cardiovascular  and 
pulmonary  disease.  SETTING:  De- 
fined communities  in  Forsyth  County 
NC.  Pittsburgh  PA,  Sacramento 
County  CA,  and  Washington  County 
MD.  POPULATION:  A  total  of 
5,201  noninstitutionalized  men  and 
women  65  years  of  age  and  older. 
MAIN  OUTCOME  MEASURES: 
Pulmonary  function;  means  of  forced 
expiratory  volume  in  1  second 
(FEV,)  and  forced  vital  capacity  and 
prevalence  of  low  FEV,  levels.  RE- 
SULTS: Prevalence  of  cigarette 
smoking  was  10%  to  20%  and  higher 
in  women  than  men  and  in  blacks 
than  whites.  Forced  vital  capacity 
and  FEV  i  levels  were  related  pos- 
itively to  height  and  white  race  and 
negatively  to  age  and  waist  girth. 
Age-  and  height-adjusted  FEV, 
means  were  23%  and  18%  lower  in 
male  and  female  current  smokers,  re- 
spectively, than  in  never  smokers  but 
not  reduced  in  never  smokers  cur- 
rently living  with  a  smoker.  Smokers 
who  quit  before  age  40  years  had 
FEV|  levels  similar  to  never  smok- 
ers, but  FEV  i  levels  were  lower  by 
7%  and  14%  in  smokers  who  quit  at 
ages  40  to  60  years  and  older  than  60 
years,  respectively.  Lung  function 
was  related  inversely  to  pack-years 
of  cigarette  use.  Prevalence  rates  of 
impaired  lung  function  were  highest 
in  current  smokers  and  lowest  in  nev- 
er smokers.  Regression  coefficients 


for  the  smoking  variables  were 
smaller  in  persons  without  cardio- 
vascular or  respiratory  conditions 
than  in  the  total  cohort.  CONCLU- 
SIONS: Cigarette  smoking  is  asso- 
ciated with  reduced  pulmonary  func- 
tion in  elderly  men  and  women. 
However,  smokers  who  quit,  even  af- 
ter age  60  years,  have  better  pul- 
monary function  than  continuing 
smokers. 

Surfactant  Therapy  Failure  Identi- 
fies Infants  at  Risk  for  Pulmonary 
Mortality — A  Hamvas,  T  Devine, 
FS  Cole.  AJDC  1993;147:665. 

OBJECTIVE:  To  characterize  the 
clinical  features  of  infants  who  do 
not  respond  to  surfactant  therapy. 
DESIGN:  Patient  series,  chart  re- 
view. SETTING:  Academic  referral 
neonatal  intensive  care  unit.  PA- 
TIENTS/SELECTION: 99  consecu- 
tive infants  with  respiratory  distress 
syndrome  who  received  surfactant 
therapy  and  107  infants  from  the  2 
years  prior  to  initiation  of  surfactant 
therapy  matched  for  birthweight, 
race,  sex,  gestational  age,  chrono- 
logical age,  and  disease  severity. 
MEASUREMENTS/RESULTS:  Ox- 
ygen index  was  used  to  quantitate  re- 
sponse to  surfactant  therapy.  A  25% 
decrease  in  oxygen  index  6  hours  af- 
ter the  first  surfactant  dose  was  sig- 
nificantly different  from  that  of  the 
matched  historical  cohort  (p  =  0.04). 
Oxygen  index  decreased  25%  or 
more  in  49  infants,  the  response 
group,  while  oxygen  index  decreased 
less  than  25%  or  increased  following 
therapy  in  the  remaining  50  infants, 
the  nonresponse  group.  Pulmonary 
interstitial  emphysema  occurred 
more  frequently  in  the  nonresponse 
group.  The  only  deaths  from  pulmo- 
nary causes  at  10  days  of  age  or 
younger  occurred  in  the  nonresponse 
group  (n  =11).  CONCLUSIONS: 
Pulmonary  processes  unresponsive 
to  surfactant  therapy  contribute  to 
morbidity  and  mortality  in  newborn 


respiratory  distress  syndrome.  Clas- 
sifying respiratory  distress  syndrome 
as  "surfactant  responsive"  or  "sur- 
factant unresponsive"  offers  a 
scheme  by  which  to  investigate  al- 
ternative explanations  and  interven- 
tions for  newborn  respiratory  distress 
syndrome. 

Follow-Up  of  Preterm  Infants 
Treated  with  Dexamethasone  for 
Chronic  Lung  Disease — TM  O'Shea, 
JM  Kothadia,  KL  Klinepeter,  DJ 
Goldstein,  B  Jackson,  RG  Dillard. 
AJDC  1993:147:658. 

OBJECTIVE:  To  study  the  outcome 
of  prolonged  treatment  with  dexa- 
methasone sodium  phosphate  in  pre- 
term infants  who  depend  on  assisted 
ventilation.  DESIGN:  Longitudinal 
follow-up  using  historic  controls. 
SETTING:  Regional  intensive  care 
nursery.  PARTICIPANTS:  61  very- 
low-birthweight  infants  treated  with 
a  42-day  course  of  dexamethasone 
and  61  historic  controls  matched  for 
birthweight,  gestational  age,  race, 
and  sex.  All  122  subjects  required  as- 
sisted ventilation  for  at  least  15  days. 
INTERVENTION:  Infants  were  giv- 
en dexamethasone  sodium  phosphate 
at  a  dose  of  0.5  mg/kg  per  day.  The 
dose  was  then  tapered  over  42 
days.  MEASUREMENTS/MAIN  RE- 
SULTS: Infants  treated  with  dexa- 
methasone received  assisted  ventila- 
tion for  a  median  of  33  days;  con- 
trols, a  median  of  47  days  (p  <  0.05). 
One  hundred  infants  survived;  94 
were  examined  at  age  1  year.  The 
two  groups  were  similar  with  respect 
to  the  proportions  hospitalized  for 
respiratory  infection  in  the  first  year 
of  life  and  the  proportions  with 
weight,  length,  and  head  circumfer- 
ence below  the  fifth  percentile.  Rates 
of  cerebral  palsy  were  also  similar 
between  the  two  groups,  as  were  me- 
dian Bayley  Mental  and  Psycho- 
motor developmental  index  scores. 
CONCLUSIONS:       Dexamethasone 
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Press  and  Ipthe  inhalers: 

For  most  patients, 
ajtfgglingact. 


> 


\ 


The  reason: 

Pressing  and  breathing 
correctly  is  not  eas 


Studies  by  specialists  show 
press  and  breathe  inhalers  are 
frequently  used  incorrectly. 


Investigator 

No.  of  patients 

No.  with 
incorrect  technique 

Mayer  et  al1 

30 

93% 

Epstein  et  al2 

130 

89% 

Bailey  et  al3 

124 
101 

90% 
86% 

Orehek  et  al4 

20 

75% 

D  Up  to  50%  of  patients  revert  to  their 
previous,  incorrect  press  and  breathe 
inhaler  technique  following  retraining.5 

D  Even  patients  who  have  good 
technique  are  inconsistent  in  applying 
it,  especially  during  an  acute  attack.6 

D  Press  and  breathe  inhalers  may 
provide  suboptimal  therapy  when 
patients  use  incorrect  technique.571 


Incorrect  technique  includes  the  inability  of  patients  to  coordinate  inspiration  with  dose 
delivery. 


Now  all  they  have  to  do 
is  breathe. 


Introducing  the  revolutionary 

MAXAIR™ 
AUTOHALER 

(pirbuterol  acetate 
inhalation  aerosol) 

The  only  breath-activated  aerosol  inhaler. 


Easier  to  use  correctly  and  easier 
to  teach  than  press  and  breathe  inhalers. 


Easier  to  use  and  teach. 


Press  and  breathe 

inhaler 

AUTOHALER 

(n=70) 

MO) 

Number  able  to  use 
inhaler  efficiently  after 
reading  instructions 

27  (39%) 

44  (63%) 

Number  able  to  use 
inhaler  efficiently  after 
written  and  verbal 

35  (50%) 

64  (91%) 

instruction 

In  a  study  of  70  subjects,  the  number  able  to  use  the  press  and  breathe  inhaler  and  Autohaler 
efficiently  after  reading  the  manufacturer's  instruction  pamphlet,  and  after  reading  the 
instructions  reinforced  by  verbal  tuition. 

Table  adapted  from  Crompton  and  Duncan." 

Even  patients  with  poor 
pulmonary  function  use  it 
correctly. 

□  In  a  multicenter  study  of  1 56  patients 
with  poor  pulmonary  function 
(FEV1.0  Land/or  PEFR<200L), 
96.8%  were  able  to  activate 
Autohaler  correctly.12 


Even  patients  with  limited 
manual  dexterity  use  it 
correctly. 

□  In  a  recent  clinical  trial,  70%  of  patients 
with  arthritis  (n=48)  had  little  or  no 
difficulty  using  Autohaler  correctly.13 

□  58%  of  all  arthritis  patients  (n=48), 
however,  could  not  operate  traditional 
press  and  breathe  inhalers.13 

Even  elderly  patients  use  it 
correctly. 

□  In  a  study  of  21  elderly  patients,  71  % 
were  able  to  improve  their  technique 
with  the  breath-activated  inhaler.14 

Maxair™  Autohaler™  provides  a 
consistent  dose  of  medication. 

□  Maxair  Autohaler  automatically 
delivers  a  metered  dose  at  the  right 
point  in  the  breathing  cycle,  thus 
eliminating  the  need  for  coordination 
of  pressing  and  breathing.15 

Please  see  last  page  for  summary  of  prescribing  information. 


Maxair™  Autohaler™  a  more  economical 
way  to  deliver  therapy. 


400  inhalations  in  just 
one  canister. 

p  Lower  cost  per  inhalation  than 

Ventolin  or  Proventil  inhalation  aerosols.' 


With  200  extra  inhalations, 
Maxair  Autohaler  is  like 
having  a  built-in  refills 

□  Offers  more  inhalations  than  any  other 
leading  bronchodilator. 

□  Fewer  trips  to  the  pharmacy  for  a 
prescription  refill. 


'Prices  of  Ventolin  and  Proventil  are  based  on  the  current  published  average 
wholesale  prices  for  one  200  inhalation  press  and  breathe  complete  unit  and 
one  200  inhalation  refill  canister.  Price  of  Maxair  Autohaler  reflects  the  current 
published  average  wholesale  price  for  one  400  dose  unit.  (Source: 
Pharmaceutical  Data  Services,  May  1993.)  Retail  pricing  may  vary  from  com- 
munity to  community  and  may  affect  cost  savings  to  the  patient.  Ventolin  is  a 
registered  trademark  of  Allen  &  Hanburys;  Proventil,  of  Schering  Corp. 

Please  note:  Maxair  Autohaler  is  not  designed  or  intended  for  refill  use  or  for  use 
with  other  drug  canisters. 


First  line  for  the  prevention  and 
reversal  of  bronchospasm.16 


Begins  working  within 
5  minutes  in  most  patients.15 

D  The  duration  of  action  is  maintained 
for  5  hours  in  a  substantial  number  of 
patients.  These  observations  are  based 
on  a  15%  or  greater  increase  in  FEty 
and  were  made  5  hours  after  dosing.15 

Contains  pirbuterol,  the  newest 
beta  agonist,  recognized  as 
similar  to  albuterol  by 
The  Medical  Letter.16 


As  with  other  beta  agonist  aerosols,  pirbu- 
terol is  a  sympathomimetic  amine  and  can 
produce  significant  cardiovascular  effects. 
Caution  should  be  taken  with  patients  with 
cardiovascular  disorders.  The  potential  for 
paradoxical  bronchospasm  and  excessive 
use  of  inhaled  beta  agonist  drugs  should  be 
kept  in  mind,  as  these  situations  can  be  life 
threatening.  Pirbuterol  is  not  recommended 
for  children  under  1 2  years  of  age.  The 
adverse  events  reported  for  pirbuterol  are 
typical  of  the  beta  agonist  class  of  inhaled 
drugs.  The  most  frequent  moderate  to 
severe  adverse  reactions  reported  in  clinical 
studies  are:  nervousness  (6.9%),  tremor 
(6.0%),  headache  (2.0%),  dizziness  (1 .2%), 
palpitations  (1 .7%),  tachycardia  (1 .2%), 
cough  (1 .2%)  and  nausea  (1 .7%). 


In 
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ased  FEy. 

45%- 

40%- 

t.                                Maxair  Autohaler  0.4  mg 
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10%- 
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1 

6 

Hours  after  study  drug  administration 

Mean  change  in  FEVi  irom  baseline  after  administration  of  placebo  aerosol  and  400  ug 
Maxair  Autohaler  (pirbuterol  acetate  inhalation  aerosol)  (n=14),'7 

Low  incidence  of  cardiovascular 
side  effects.15 

□  Studies  confirm  that  pirbuterol 
produces  rapid  and  sustained 
bronchodilation  with  minimal  adverse 
cardiac  effects.18,19 

D  Palpitations  1 .7%,  tachycardia  1 .2% 
(n=761).15 

Please  see  last  page  for  summary  of  prescribing  information. 

NEW  BREATH-ACTWATED 

MAXAIR 
AUTOHALER 

(pirbuterol  acetate 
inhalation  aerosol) 

It  helps  make  the  most 
of  aerosol  therapy. 


The  first  real  advance 

in  aerosol  delivery  systems 

in  35  years. 


Maxair  Autohaler... 

-  automatically  delivers  a  metered  dose  at 
the  right  point  in  the  breathing  cycle, 
thus  eliminating  the  need  for 
coordination  of  pressing  and  breathing.15 

-  is  easier  to  use  correctly  and  easier  to 
teach  than  press  and  breathe  inhalers.11 

-  provides  a  convenient  alternative  to 
cumbersome  spacer  devices.20 

-  contains  400  inhalations  in  every 
canister,  twice  that  of  Ventolin  and 
Proventil  inhalation  aerosols. 


□  The  switch  to  Maxair  Autohaler  is  easy— 
it  doesn't  require  a  new  dosage  regimen 
for  your  patients  who  have  previously 
been  using  a  conventional  inhaler. 

□  For  information  relating  to  medical  issues, 
please  call  the  3M  Pharmaceuticals 
Medical  Services  Department  at 
1-800-328-0255. 

Please  see  next  page  for  summary  of  prescribing  information. 

NEW  BREATH-ACIWATED 

MAXAIR 
AUTOHALER™ 

(pirbuterol  acetate 
inhalation  aerosol) 

It  helps  make  the  most 
of  aerosol  therapy. 
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Abstract.  2.  Epstein  SW,  Manning  CPR,  Ashley  MJ,  et  al.  Survey  of  the  clinical  useot  pressurized  aerosol  inhalers.  Can  Med  Assoc  J.  1979;120:813-816.  3.  Bailey  WC,  Richards  JM  Jr,  Brooks  CM.  et  al.  A 
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MAXAIR™ 
AUTflHALER™ 

(pirbulerol  acetate  inhalation  aerosol)  Bronchodilator  Aerosol 

For  Inhalation  Only 

BRIEF  SUMMARY 

INDICATIONS  AND  USAGE:  MAXAIR  AUTOHALER  is  indicated  lot  the  prevention  and  reversal  of 

bronchospasm  in  patients  with  reversible  oronchospasm  including  asthma  II  may  be  used  with  or  without 

concurrent  theophylline  and/or  steroid  therapy 

CONTRAINDICATIONS:  MAXAIR  is  contraindicated  in  patients  with  a  history  ot  hypersensitivity  to 

any  ot  its  ingredients. 

WARNINGS:  As  with  other  beta  adrenergic  aerosols,  MAXAIR  should  nol  be  used  in  excess  Controlled 

clinical  studies  and  other  clinical  experience  have  shown  that  MAXAIR  like  other  inhaled  beta  adrenergic 

agonists  can  produce  a  significant  cardiovascular  effect  in  some  patients,  as  measured  by  pulse  rale, 

blood  pressure,  symptoms,  and/or  ECG  changes  As  with  other  bela  adrenergic  aerosols,  the  potential 

for  paradoxical  bronchospasm  (which  can  be  life  threatening)  should  be  kept  in  mind.  If  it  occurs,  the 

preparation  should  be  discontinued  immediately  and  alternative  therapy  instituted. 

Fatalities  have  been  reported  in  association  with  excessive  use  of  inhaled  sympathomimetic  drugs. 

The  contents  ot  MAXAIR  AUTOHALER  are  under  pressure  Do  not  puncture.  Do  not  use  or  store 
near  heat  or  open  flame  Exposure  to  temperature  above  120°F  may  cause  bursting  Never  throw 
container  into  fire  or  incinerator.  Keep  out  of  reach  of  children 

PRECAUTIONS:  General  —  Since  pirbuterol  is  a  sympathomimetic  amine,  it  should  be  used  with 
caution  in  patients  with  cardiovascular  disorders,  including  ischemic  heart  disease,  hypertension,  or 
cardiac  arrhythmias,  in  patients  with  hyperthyroidism  or  diabetes  mellitus,  and  in  patients  who  are 
unusually  responsive  to  sympathomimetic  amines  or  who  have  convulsive  disorders  Significant  changes 
in  systolic  and  diastolic  blood  pressure  could  be  expected  to  occur  in  some  patients  after  use  of  any  beta 
adrenergic  aerosol  bronchodilator. 

Information  tor  Patients  —  MAXAIR  effects  may  last  up  to  five  hours  or  longer  It  should  not  be  used 
more  often  than  recommended  and  the  patient  should  not  increase  the  number  of  inhalations  or  frequency  ot 
use  without  first  asking  the  physician  If  symptoms  ot  asthma  get  worse,  adverse  reactions  occur,  or  the 
patient  does  not  respond  to  the  usual  dose,  the  patient  should  be  instructed  to  contact  the  physician 
immediately  The  patient  should  be  advised  to  see  the  Illustrated  Patient's  Instructions  for  Use 

The  Autohaler  actuator  should  nol  be  used  with  any  other  inhalation  aerosol  canister  In  addition, 
canisters  for  use  with  MAXAIR  AUTOHALER  should  not  be  utilized  with  any  other  actuator. 
Drug  Interactions  —  Other  beta  adrenergic  aerosol  bronchodilators  should  not  be  used  concomitantly 
with  MAXAIR  because  they  may  have  additive  effects  Bela  adrenergic  agonists  should  be  administered 
with  caution  to  patients  being  treated  with  monoamine  oxidase  inhibitors  or  tricyclic  antidepressants, 
since  the  action  of  beta  adrenergic  agonists  on  the  vascular  system  may  be  potentiated. 
Carcinogenesis,  Mutagenesis  and  Impairment  ot  Fertility  —  Pirbuterol  hydrochloride  administered  in 
the  diet  to  rats  tor  24  months  and  to  mice  for  18  months  was  tree  ot  carcinogenic  activity  at  doses 
corresponding  to  200  times  the  maximum  human  inhalation  dose  In  addition,  the  intragastric  intubation 
ot  the  drug  at  doses  corresponding  to  6250  times  the  maximum  recommended  human  daily  inhalation 
dose  resulted  in  no  increase  in  tumors  in  a  12-month  rat  study  Studies  with  pirbuterol  revealed  no 
evidence  of  mutagenesis.  Reproduction  studies  in  rats  revealed  no  evidence  ot  impaired  fertility 
Teratogenic  Effects  —  Pregnancy  Category  C  —  Reproduction  studies  have  been  performed  in  rats 
and  rabbits  by  the  inhalation  route  at  doses  up  to  12  times  (rat)  and  16  times  (rabbit)  the  maximum  human 
inhalation  dose  and  have  revealed  no  significant  findings  Animal  reproduction  studies  in  rats  at  oral  dosesup 
to  300  mg/kg  and  in  rabbits  at  oral  doses  up  to  100  mg/kg  have  shown  no  adverse  effect  on  reproductive 
behavior,  fertility,  litter  size,  pen-  and  postnatal  viability  or  fetal  development.  In  rabbits  at  the  highest  dose 
level  given,  300  mg/kg,  abortions  and  fetal  mortality  were  observed  There  are  no  adequate  and  well 
controlled  studies  in  pregnant  women  and  MAXAIR  should  be  used  during  pregnancy  only  if  the  potential 
benefit  justifies  the  potential  risk  to  the  fetus. 

Nursing  Mothers  —  It  is  not  known  whether  MAXAIR  is  excreted  in  human  milk  Therefore,  MAXAIR 
should  be  used  during  nursing  only  if  the  potential  benefit  justifies  the  possible  risk  to  the  newborn. 
Pediatric  Use  —  MAXAIR  AUTOHALER  is  not  recommended  tor  patients  under  the  age  ot  12  years 
because  of  insufficient  clinical  data  to  establish  safety  and  effectiveness. 
ADVERSE  REACTIONS:  The  following  rates  of  adverse  reactions  to  pirbuterol  are  based  on  single  and 
multiple  dose  clinical  trials  involving  761  patients,  400  of  whom  received  multiple  doses  (mean  duration  of 
treatment  was  2.5  months  and  maximum  was  19  months) 

The  following  were  the  adverse  reactions  reported  more  frequently  than  1  in  100  patients  CNS: 
nervousness  (6.9%),  tremor  (6.0%),  headache  (2  0%),  dizziness  (1  2%)  Cardiovascular:  palpitations 
(1  7%),  tachycardia  (12%)  Respiratory:  cough  (12%)  Gastrointestinal:  nausea  (1.7%) 

The  following  adverse  reactions  occurred  less  frequently  than  1  in  100  patients  and  there  may  be  a 
causal  relationship  with  pirbuterol  CNS:  depression,  anxiety,  contusion,  insomnia,  weakness, 
hyperkinesia,  syncope  Cardiovascular:  hypotension,  skipped  beats,  chest  pain  Gastrointestinal: 
dry  mouth,  glossitis,  abdominal  pain/cramps,  anorexia,  diarrhea,  stomatitis,  nausea  and  vomiting  Ear, 
Nose  and  Throat:  smell/taste  changes,  sore  throat  Dermatological:  rash,  pruritus  Other: 
numbness  in  extremities,  alopecia,  bruising,  fatigue,  edema,  weight  gam,  flushing 

Other  adverse  reactions  were  reported  with  a  frequency  ot  less  than  1  in  100  patients  but  a  causal 
relationship  between  pirbuterol  and  the  reaction  could  not  be  determined  migraine,  productive  cough, 
wheezing,  and  dermatitis. 

The  following  rates  of  adverse  reactions  during  three-month  controlled  clinical  trials  involving  310 
patients  are  noted  The  table  does  not  include  mild  reactions. 

PERCENT  OF  PATIENTS  WITH  MODERATE  TO  SEVERE  ADVERSE  REACTIONS 


Pirbuterol  Metaproterenol 

Pirbuterol  Metaproterenol 

Reaction 

N  =  157 

N  =153 

Reaction              N  =  157 

N  =  153 

Central  Nervous  System 

Gastrointestinal 

tremors 

1.3% 

3.3% 

nausea 

1.3% 

2.0% 

nervousness 

4.5% 

2.6% 

diarrhea 

1.3% 

07% 

headache 

13% 

20% 

dry  mouth 

1.3% 

1.3% 

weakness 

0% 

1.3% 

vomiting 

0% 

0.7% 

drowsiness 

0% 
0.6% 

0.7% 
0% 

Dermatological 

skin  reaction 

0% 

07% 

Cardiovascular 

rash 

0% 

1.3% 

palpitations 

13% 

1.3% 

Other 

bruising 

tachycardia 

13% 

2.0% 

0.6% 

0% 

Respiratory 

smell/taste  change 

0.6% 

0% 

chest  pain/tightness     1.3% 

0% 

backache 

0% 

0.7% 

cough 

0% 

0.7% 

fatigue 

0% 

0.7% 

hoarseness 

0% 

0.7% 

nasal  congestion 

.0% 

07% 

OVERDOSAGE:  The  expected  symptoms  with  overdosage  are  those  of  excessive  beta-stimulation  and/or  any  of 
the  symptoms  listed  under  adverse  reactions,  eg .  angina,  hypertension  or  hypotension,  arrhythmias, 
nervousness,  headache,  tremor,  dry  mouth,  palpitation,  nausea,  dizziness,  fatigue,  malaise,  and  insomnia. 

Treatment  consists  of  discontinuation  ot  pirbuterol  together  with  appropriate  symptomatic  therapy. 

The  oral  acute  lethal  dose  in  male  and  female  rats  and  mice  was  greater  than  2000  mg  base/kg  The 
aerosol  acute  lethal  dose  was  not  determined 
CAUTION:  Federal  law  prohibits  dispensing  without  prescription. 
Store  between  15°  and  30°C  (59°  to  86°F). 
For  Ful!  Prescribing  Information,  see  package  insert 
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IF  THE  PATIENT  CANT  TURN 
THE  BED  SHOULD! 


TASSI   MK2B  FLOATURN 

Provides  5  therapies 

•  OPTIMAL  PRESSURE  RELIEF 

•  AIR /VENTILATION 

•  LOW  FRICTION 

•  CONTINUOUS  TURNING  (option) 

•  HOURLY  TURNING  (option) 

As  used  by  Hospitals,  Nursing, 
Rehab/Long  Term  Care  facilities 


~^f\  For  FREE  Brochure 
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Neonatal  Respiratory  Care  IISP 

Recognition  and  Stabilization  of  the  Premature 
Infant  in  Respiratory  Distress 

This  IISP  helps  you  identify  primary  risk  factors  associated  with 
premature  birth.  Discusses  and  explains  the  importance  of 
providing  a  neutral-thermal  environment  for  the  premature 
infant  and  the  necessity  for  continuous  noninvasive  oxygen 
monitoring  of  the  premature  infant  in  supplemental  oxygen. 
You  will  also  learn  to  recognize  aberrant  blood  gases  in  the 
neonate  and  oxygen  therapy  initiation  with  an  oxygen  hood. 
Item  NN1  $10  Ea.  Add  $3  for  shipping  and  handling. 

Also  Available 

Theory  and  Application  of  Neonatal  Ventilation 

By  Robert  Chatburn,  RRT.  Knob-turning  in  the  neonatal 
intensive  care  unit  should  be  a  profound  activity  because  it 
often  has  profound  consequences.  Presents  a  well-organized 
and  systemic  approach  for  managing  mechanical  ventilation. 
Discusses  the  multiple  effects  of  ventilator  adjustment  and  how 
consideration  of  controls  are  interrelated  with  optimum  care. 
Item  VT25  $40  Ea.  (AARC  Members  $35).  Add  $3  for  shipping 
and  handling.  (60  minutes  VHS) 

To  Order  Call  (214)  243-2272  or  Fax  to  (214)  484-2720 
Purchase  Order  ■  MasterCard  •  Visa 

American  Association  for  Respiratory  Care 

1 1030  Abies  Lane,  Dallas,  TX  75229-4593 


ABSTRACTS 


treatment  was  associated  with  fewer 
days  of  assisted  ventilation,  but  not 
with  improved  outcome  at  age  1 
year.  More  assessment  should  be 
made  of  dexamethasone's  effect  on 
long-term  outcome  before  dexa- 
methasone  becomes  widely  used  in 
preterm  infants  who  depend  on  as- 
sisted ventilation. 

Association  between  Exposure  to 
Environmental  Tobacco  Smoke 
and  Exacerbations  of  Asthma  in 
Children — BA  Chilmonczyk,  LM 
Salmun,  KN  Megathlin,  LM  Neveux, 
GE  Palomaki,  GJ  Knight,  et  al.  N 
Engl  J  Med  1993;328:1665. 

BACKGROUND:  Exposure  to  en- 
vironmental tobacco  smoke,  as  re- 
ported by  parents,  has  been  linked  to 
diminished  pulmonary  function  and 
more  frequent  exacerbations  of  asth- 
ma in  children  with  the  disease.  Fur- 
ther insight  into  this  association 
might  be  gained  by  using  urine  co- 
tinine  levels  to  measure  actual  ex- 
posure. METHODS:  We  measured 
urine  cotinine  levels  in  199  children 
with  asthma;  145  also  underwent 
pulmonary-function  studies.  A  parent 
answered  questions  about  each 
child's  exposure  to  environmental  to- 
bacco smoke.  Acute  exacerbations  of 
asthma  during  the  preceding  year 
were  documented  through  blinded  re- 
view of  medical  records.  Possible 
confounding  factors  were  accounted 
for  by  the  use  of  multivariate  analy- 
sis and  by  comparisons  of  serum  the- 
ophylline levels  in  exposed  and  un- 
exposed children.  RESULTS:  The 
median  urine  cotinine  levels  were  5.6 
ng  per  milliliter  in  the  116  children 
reported  not  to  have  been  exposed  to 
tobacco  smoke,  13.1  ng  per  milliliter 
in  the  53  children  exposed  to  cigar- 
ette smoking  by  the  mother  or  other 
persons,  and  55.8  ng  per  milliliter  in 
the  30  children  exposed  to  cigarette 
smoking  by  the  mother  and  other 
persons.  Acute  exacerbations  of  asth- 
ma increased  with  exposure,  whether 


such  exposure  was  reported  by  a  par- 
ent or  identified  on  the  basis  of  the 
cotinine  level;  the  relative  risks  for 
the  highest  as  compared  with  the 
lowest  exposure  category  were  1.8 
(95%  confidence  interval  1.4  to  2.2) 
for  reported  exposure  and  1.7  (95% 
confidence  interval  1 .4  to  2. 1 )  for  ex- 
posure indicated  by  cotinine  levels. 
The  forced  expiratory  volume  in  one 
second  (FEVi),  the  forced  expiratory 
flow  between  25  and  75  percent  of 
vital  capacity,  and  the  ratio  of  FEVi 
to  forced  vital  capacity  also  de- 
creased with  increases  in  both  meas- 
ures of  exposure.  CONCLUSIONS: 
Measurement  of  urine  cotinine  levels 
provides  further  evidence  of  an  as- 
sociation between  exposure  to  envi- 
ronmental tobacco  smoke  and  pul- 
monary morbidity  in  children  with 
asthma.  These  data  emphasize  the 
need  for  systematic,  persistent  efforts 
to  stop  the  exposure  of  children  with 
asthma  to  environmental  tobacco 
smoke. 

Cardiac  Arrhythmias  during  Per- 
formance of  the  Flow-Volume 
Loop— CL  Fields,  RP  Byrd  Jr,  MA 
Ossorio,  TM  Roy,  MJ  Michaels,  RL 
Vogel.  Chest  1993:103:1006. 

The  purpose  of  our  study  was  to  de- 
termine the  frequency  of  cardiac  ec- 
topy  during  the  performance  of  flow- 
volume  loops.  The  performance  of 
an  adequate  flow-volume  loop  en- 
tails significant  shifts  in  intrathoracic 
pressure  and  oxyhemoglobin  satura- 
tion that  could  heighten  myocardial 
arrhythmogenicity  and  lead  to  in- 
creased cardiac  ectopy.  Forty-two 
male  patients  referred  for  perform- 
ance of  flow-volume  loops  were 
studied  with  an  ambulatory  cardiac 
monitor  and  an  arterial  oxyhemo- 
globin saturation  monitor  during  the 
performance  of  three  flow-volume 
loops  before  and  after  administration 
of  an  aerosolized,  selective  fir 
agonist.  For  comparison,  the  60  mirj 
prior  to  and  after  completion  of  the 


loop  testing  was  monitored  with  the 
continuous  cardiac  monitor.  The  fre- 
quency of  cardiac  ectopy  was  de- 
termined in  four  patient  populations 
delineated  by  the  presence  or  ab- 
sence of  cardiac,  pulmonary,  or  car- 
diopulmonary disease.  Each  group 
was  further  divided  based  on  the  oc- 
currence of  arterial  oxyhemoglobin 
desaturation  during  the  performance 
of  the  flow-volume  loop.  We  found 
that,  despite  the  presence  or  absence 
of  underlying  cardiopulmonary  dis- 
ease or  the  occurrence  of  oxy- 
hemoglobin desaturation  during 
flow-volume  loop  performance,  the 
number  of  cardiac  ec-topics  dimin- 
ished significantly  during  loop  per- 
formance when  compared  with  the 
60-min  study  period  prior  to  testing. 
This  is  in  contrast  to  what  had  been 
reported  previously.  We  conclude 
that  the  flow-volume  loop  is  safe  to 
perform  in  the  general  population,  in- 
cluding those  individuals  with  an  in- 
creased risk  of  arrhythmias  such  as 
those  with  cardiac  or  pulmonary  dis- 
ease. 

Energy  Balance  in  Stable  Mal- 
nourished Patients  with  Chronic 
Obstructive  Pulmonary  Disease — 

CF  Ryan,  JD  Road,  PA  Buckley.  C 
Ross,  JS  Whittaker.  Chest  1993:103: 
1038. 

We  have  measured  caloric  intake,  en- 
ergy expenditure,  and  the  thermogen- 
ic effect  of  food  in  ten  patients  with 
stable  COPD  who  had  a  history  of 
involuntary  weight  loss  over  several 
years  and  were  malnourished  (<  85 
percent  ideal  body  weight).  Each  pa- 
tient completed  a  7-day  food  record. 
Indirect  calorimetry  was  performed 
in  the  resting  postabsorptive  state. 
After  placement  of  a  nasoenteric 
tube,  patients  were  randomly  as- 
signed to  be  refed  or  sham-fed  (mean 
±  SD,  16  ±3  days),  following  which, 
metabolic  measurements  were  re- 
peated. Indirect  calorimetry  was  also 
performed  before  and  after  a  large 
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The  StatPal  II  pH  and  Blood  Gas  Analysis 
System,  from  PPG. 

With  on-the-run  portability,  the  StatPal  II  goes 
wherever  you  need  it,  like  the  ER,  OR  and  ICU. 
Anytime  you  need  it. 

Its  patented  sensor  technology  gives  you  the  fast 
answers  you  demand  at  bedside,  providing  accurate 
pH,p02  and/>CO;>  diagnostic  measurements  in 
60  seconds. 

StatPal  II  is  simple  to  operate  and  is  CLIA  compatible. 
Calibration  and  analysis  phases  are  a  snap.  And  after 
performing  up  to  25  procedures,  you  simply  replace 
the  snap-on  sensor  module  and  it's  ready  to  go  again. 

Call  or  write  us  for  more  information  on  the 
StatPal  n  pH  and  Blood  Gas  Analysis  System. 


SENSORS 


PPG  Industries,  Inc. 

Biomedical  Systems  Division.  Sensors 

llir"  Y  Torrey  Pines  Road  •  Lajolla,  (  \  1>J'^~ 


800-321-3251 
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RHODE  ISLAND 


Advertising 
Guidelines 

To  place  recruitment  adver- 
tising, contact  Valley  Forge 
Press  at  (800)  220-4979.  Ads 
can  be  faxed  to  (215)  935- 
8208  or  mailed  to  Respira- 
tory Care,  1288  Valley  Forge 
Road,  Suite  50,  P.O.  Box 
1135,  Valley  Forge,  PA 
19482.  ■ 


OHIO 


DYNAMIC   MANAGER 

needed  for  Ohio  hospital- 
based  H.M.E.  company  start 
up.  Send  resume/  salary 

requirement  to: 

THE  BROWER  GROUP 

900  Dolittle  Drive,  Suite  5A 

San  Leandro,  CA  94577 


RESPIRATORY  CARE 
PRACTITIONER 


Nigh:  shift  position  immediately  available  m  pro- 
gressive Respiratory  Therapy  Dept.  at  Newport 
Hospital  76  hours  per  bi-weekly  pay  period  as 
scheduled     6,    10-hour    night 
shifts  (8  45  pm-7  ami  and  2. 
8-hour  day  or  evening  shifts, 
Every  other  weekend  rotation 

Position    requires   Rhode 
island  RCP—  Licensure  (or 
eligible,  must  be  national-  /jj 
ly  certified  to  be  ehg 
blei  and  prior  acute- 
care  experience  is 
desired 

Competitive  pay  and 
benefit  package  in- 
cluding generous  shift 
differentials  Please  apply 
to  Employee  Services  De- 
partment. Newport  Hospital,  11  Friendship 
Street,  Newport,  Rl  02840  An  Equal  Opportuni- 
ty Employer 


GET  THE 
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mWVANTAGE 


Call  (214)  243-2272 

For  a  Membership 

Application 


RESPIRATORY 
THERAPISTS 

FLORIDA'S  GULF  COAST 

Enjoy  year-round  sunshine  and  gentle  breezes  ...  and 
a  healthcare  community  dedicated  to  a  mission  of 
healing  ...  with  St.  Anthony's  Hospital  in  St. 
Petersburg,  Florida. 

Respiratory  Therapist  Supervisor 
1st  Shift 

Level  3  Therapists 

3-11  and  Pool 
Critical  care  experience  required 

Must  be  licensed  and  certified,  registry  preferred. 
Very  competitive  salaries  and  benefits.  For  more 
information,  please  contact  Carla  Gurr,  Recruiter,  at 
1-800-876-3539  or  send  resume  to:  St.  Anthony's 
Hospital,  Human  Resources,  1200  7th  Avenue  N.,  St. 
Petersburg,  FL  33705.  EOE. 

<® 

St.  Anthony's  Hospital 

V 1200  7th  Avenue  N,  •  SI.  Petersburg,  FL  33705       EOE  J 


NEW  JERSEY 


Discover  Princeton 

Full  Time  Nights 
Challenging  position  available  (or  the  right 
candidate  to  work  with  state  of  the  art  equipment  in 
our  advanced  Cardio  Pulmonary  Department. 
We  offer  excellent  salary  as  well  as  full  benefit 
package.  Interested  candidates  must  be  licensed 
by  the  State  of  New  Jersey  in  Respiratory  care. 
For  consideration  please  call  or  submit  resume  to: 
Yolanda  M.  Lahaza,  Assistant  Personnel  Director, 
253  Witherspoon  Street,  Princeton,  NJ  08540 
609-497-4338 

Equal  Oppoitunity  Employei  M  F 
IVHen  tradition  &  innovation  mat 


THE  MEDICAL  CENTER  AT 
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DEPARTMENT  OF  VETERANS  AFFAIRS 
MEDICAL  CENTER 

WASHINGTON,  D.C. 

STAFF  CRTT  or  RRT 

Full-time  openings 

-  State-iif-the-Ail  equipment 
lay  -  Computerized  I.C.U,  flowsheet  eliicuineiit-jfii 


:c>mpetitive  salaries  (Special  Rales) 

0%  Slull  Dill  /  25%  Sun.  /  DM  Time  Holiday 

3-2fi  ilays  vacation  hasetl  un  vrs  of  emplnviiien 

3  days  sick  leave  per  year  -  cumulative 

0  paitl  holidays  per  year 


■  Medical  schools  affiliation* 

-  Crass  Iraining  in  Bronchoscopy  As. 

-  Quality  Assurance  Program  paitici] 


-  Excellent  benefits  (includes    Retirement  tax 


■  looking  for  Certified  i 
is  Henderson,  RRT  -  C 


deterred  optii 
Registered  indivn 


*  Grp  Hllli/l.ite  insurance 


spiratory  Care  (202)  745-KC57  tor  details 
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ENTRY 
LEVEL 

EXAMINATION 
if$  5TUDY  AIDS 

NBRC  Entry  Level  Examination  tutorials 
are  specially  written  to  help  you  pass 

two  of  the  most  difficult  sections 
"\  frb.    of  the  examination.  Uses 
r~    "7  questions  now  retired  from  the 
/    actual  examination  question 
pool  (used  with  permission  of 
Applied  Measurement 
Professionals,  Inc.,  a  wholly 
owned  subsidiary  of  the  NBRC). 
Tutorial  I:  Detecting  Equipment 
Malfunctions.  Item  CD4  —  $39.95  ea. 
(AARC  member  $29.95).  Add  $4.50  for  shipping  and 
handling. 
Tutorial  II:  Evaluate  &  Monitor  Patient's  Response  to  Respiratory  Care, 
Assess  Patient  Response.  Item  CD5  —  $39.95  ea.  (AARC  member 
$29.95).  Add  $4.50  for  shipping  and  handling. 
Order  both  tutorials  and  save!  Item  CD6  —  $75  Set  (Member  $55). 
Add  $5.50  for  shipping  and  handling. 


To  Order  Call  (214)  243-2272  or  Fax  to  (214)  484-6010 
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FOOD  FIGHTAGAINST  CANCER,  f  society 


10KING 

•CESSATION 

Intervention 

Techniques 

for  the 

Respiratory  Care 

Practitioner 

Covers  four  major 
aspects  of  smoking 
cessation  —  the  impact 
of  smoking  on  illness 
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meal  in  each  patient.  Home  caloric 
intake  was  135  ±  23  percent  of  rest- 
ing energy  expenditure.  Resting  en- 
ergy expenditure  was  94+16  per- 
cent of  that  predicted  by  the  Harris- 
Benedict  equation  and  did  not 
change  significantly  during  inpatient 
refeeding.  Refeeding  resulted  in 
weight  gain  (2.4  ±  1.9  kg,  p  <  0.02). 
A  large  meal  caused  substantial  in- 
creases in  energy  expenditure  (24  ± 
18  percent),  carbon  dioxide  pro- 
duction (39  ±  18  percent),  and  oxy- 
gen consumption  (23  ±  16  percent). 
We  conclude  that  stable  malnour- 
ished COPD  patients  consume  ad- 
equate calories  to  meet  average  en- 
ergy requirements  and  are  not  hyper- 
metabolic.  Inpatient  refeeding  by 
nocturnal  nasoenteric  infusion  is  well 
tolerated  and  results  in  weight  gain, 
but  the  thermogenic  effect  of  a  large 
meal  poses  a  considerable  metabolic 
and  ventilatory  load  that  could  pre- 
cipitate acute  respiratory  failure. 


Stability  of  Blood  Gases  in  Ice  and 
at  Room  Temperature — HP  Liss, 
CP  Payne  Jr.  Chest  1993;  103: 1120. 

Arterial  blood  samples  from  75  pa- 
tients were  analyzed  for  Po:.  Pco:. 
and  pH  at  0,  15,  and  30  min.  After 
the  baseline  analysis,  60  samples 
were  kept  in  ice  while  59  samples 
were  left  at  room  temperature.  There 
was  a  statistically  significant  in- 
crease in  the  Po:  at  1 5  min  and  again 
at  30  min  in  both  groups.  There  was 
a  statistically  significant  decrease  in 
the  Pco:  at  15  min  in  both  groups. 
There  were  no  further  changes  in  the 
Pco;  at  30  min  in  either  group.  There 
was  a  statistically  significant  de- 
crease in  the  pH  at  15  min  in  both 
groups.  There  was  a  further  statis- 
tically significant  decrease  in  the  pH 
at  30  min  in  the  group  of  blood  sam- 
ples left  at  room  temperature  but  not 
in  those  in  ice.  There  is  no  reason  to 
keep  arterial  blood  in  ice  if  blood  gas 
analysis  is  done  within  30  min. 
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Snoring,  Hypertension,  and  the 
Sleep  Apnea  Syndrome:  An  Epi- 
demiologic Survey  of  Middle-Aged 
Women — T  Gislason,  B  Benedikt- 
sdottir,  JK  Bjornsson,  G  Kjartansson, 
M  Kjeld,  H  Kristbjarnarson.  Chest 
1993;  103: 1147. 

The  lower  limit  of  the  prevalence  of 
sleep  apnea  syndrome  (SAS)  was  es- 
timated among  women  40  to  59 
years  old  by  a  two-stage  procedure. 
In  the  first  stage  2.016  questionnaires 
were  mailed.  The  response  rate  was 
75.6  percent.  Daytime  sleepiness  was 
reported  by  8.2  percent,  habitual 
snoring  by  11.2  percent,  and  inter- 
mittent snoring  by  21.7  percent. 
There  were  altogether  128  women 
described  with  systemic  hyperten- 
sion and  these  women  were  more 
than  twice  as  often  habitual  snorers. 


Logistic  multiple  regression  analyses 
showed  almost  a  threefold  increase 
in  the  predicted  prevalence  of  hyper- 
tension among  intermittent  and  ha- 
bitual snorers  compared  with  non- 
snorers  in  the  age  group  40  to  49 
years  old  and  a  60  percent  increase 
in  the  50-  to  59-year-old  age  group. 
In  the  second  stage,  a  group  of  97 
women  highly  suspected  of  SAS 
were  selected  because  of  their  ha- 
bitual snoring  and  daytime  sleepi- 
ness. Eventually,  35  of  these  came 
for  night  studies  and  14  were  found 
to  have  SAS.  Among  the  35  women, 
12  were  hypertensive  and  nine  of 
these  had  SAS.  We  estimated  the 
lower  limit  of  the  prevalence  of  SAS 
to  be  2.5  percent  for  women  40  to  59 
years  old.  It  is  concluded  that  SAS  is 
a  relatively  common  occurrence 
among  women,  especially  postmeno- 


pausal ones,  and  it  is  strongly  related 
to  hypertension. 
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THE  NEW  SHAPE  OF  PATIENT  PEAK 
FLOW  METERS  FOR  THE  90' S 

FROM  THE  MANUFACTURER  OF  THE  WRIGHT™  PEAK  FLOW  METER 


WRIGHT  POCKET  PEAK 
FLOWMETER  SPECIFICATIONS 


RANGE*      Standard  Model 

Low  Range  Model 
SCALE  INCREMENTS 


REPEATABILITY* 

SIZE  (without  mouthpiece) 


within  ±  10%  of  reading 
within  ±10  LPM  at  any  reading 
5.5"  H  x  4.5"  Wx  1.25"  D 
2.8  ounces  (80  grams) 


*  Meets  National  Asthma  Education  Program  Technical  Standards  for  Peak 
Flow  Meters,  January  1991 . 


The  new  Wright  Pocket  Peak  Flow  Meters  from 
Ferraris  Medical  represent  a  new  dimension  in 
inexpensive,  reusable  peak  flow  meters  for  use 
in  the  patient's  home,  physician's  office  or 
hospital. 

The  innovative  design  features  a  flexible  vane 
of  tempered  stainless  steel  which  bends  in 
relation  to  the  patient's  exhaled  flow  rate  to 
move  the  sliding  scale  indicator.  The  traditional 
piston  and  spring  commonly  found  on 
competitive  units,  which  can  weaken  and  wear 
over  time,  are  gone  forever.  An  ultrasonically 
sealed  ABS  plastic  housing  provides  superior 
durability  while  eliminating  the  risk  of  lost 
components  or  improper  reassembly.  This 
overall  design  approach  provides  an  instrument 
with  the  least  amount  of  parts,  ease  in  cleaning, 
full  1  year  warranty,  and  a  life  expectancy 
well  in  excess  of  5  years. 

With  a  repeatability  that  is  remarkable 
at  ±  1 0  LPM  at  any  reading,  a  size 
that  easily  fits  pocket,  purse  or 
child's  backpack  and  a  retail  list 
price  of  just  $21.95,  the  Wright 
Pocket  Peak  Flow  Meter  could 
just  be  the  peak  flow  meter  choice 
of  the  decade. 
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Are  Ventilator  Nebulizing  Systems  Created  Equal? 


In  most  cases,  it  is  difficult  to  estimate  or  meas- 
ure the  dose  of  a  drug  given  to  a  patient  by  aero- 
sol. .  .  .  Even  when  armed  with  an  adequate 
knowledge  of  principles  of  aerosol  deposition, 
the  conscientious  scientist  or  clinician  will  still 
have  a  difficult  time  estimating  the  extent  or  site  of 
aerosol  deposition.  .  .  .  We  still  know  little  about 
the  best  way  to  deliver  aerosol.1 


This  statement  was  made  by  Dr  Joseph  Brain,  in 
the  "Proceedings  from  the  Conference  on  the  Sci- 
entific Basis  of  In-Hospital  Respiratory  Therapy," 
in  1979,  and  published  in  the  American  Review  of 
Respiratoiy  Disease  in  November  1980.  In  the  ear- 
lier 1974  conference  on  the  scientific  basis  of  res- 
piratory therapy,  often  called  the  Sugarloaf  Confer- 
ence, questions  concerning  aerosol  therapy 
centered  more  on  the  clinical  effects  of  different 
drug  therapies.  By  1979,  a  different  set  of  questions 
seemed  to  be  emerging,  which  resulted  from  a  re- 
alization of  the  lack  of  knowledge  about  delivery 
variables  and  how  they  might  affect  drug  deposi- 
tion in  the  lungs.  Those  questions  are  reflected  in 
the  quotation  from  Dr  Brain's  summary  report  in 
the  Proceedings. 

The  complexity  of  aerosol  therapy  stems  partial- 
ly from  the  variability  from  breath  to  breath  of  in- 
haling a  cloud  of  aerosol  particles.  Although  a  cer- 
tain amount  of  imprecision  is  innate  to  the  release 
and  inhalation  of  aerosol  particles,  clinicians  have 
realized  that  the  delivery  system  itself  introduces 
additional  variables  that  can  affect  delivery  and 
deposition.  In  clinical  practice,  "delivery  system" 
connotes  far  more  than  just  the  type  of  aerosol  gen- 
erator, such  as  a  metered  dose  inhaler  (MDI)  or  a 
small  volume  nebulizer  (SVN).  A  clinically  com- 
plete aerosol  delivery  system  was  conceptualized  in 
three  categories  in  a  review  article  by  one  of  us 
(JR):2 


•  power  source  (freon,  manual  bag,  ventilator,  etc) 

•  aerosol  generator  type  (MDI,  nebulizer,  dry  powder,  etc) 

•  patient  interface  (mouthpiece,  spacer,  endotracheal  tube. 

etc) 


At  the  AARC  Consensus  Conference  on  Aerosol 
Delivery,  in  Cancun,  January  1991.  one  of  us  (DH) 
co-authored  a  paper  elaborating  on  factors  in  the 
patient  interface,  and  Stephen  Newman  offered  an 
elaboration  on  factors  in  the  generator  system.3'4 
Although  not  all  combinations  of  elements  in  each 
of  the  three  categories  are  possible,  a  wide  range  of 
configurations  can  occur  in  clinical  application. 
With  each  configuration,  we  can  and  should  ask. 
What  is  the  effect  on  delivery  of  the  aerosol  drug? 

In  the  1980s,  this  increasing  appreciation  of  the 
amount  of  variation  present  in  the  delivery  system 
when  aerosol  generators  are  actually  interfaced 
with  patients  was  reflected  in  the  literature.  One 
important  example  was  the  configuration  involved 
in  interfacing  of  an  aerosol  generator  (either  MDIs 
or  SVNs)  to  the  endotracheal  tube  of  the  mechan- 
ically ventilated  patient.  From  either  SVN  or  MDI, 
the  amount  of  drug  reaching  the  lung  with  oral  in- 
halation of  aerosol  in  nonintubated  subjects  has 
been  quantified  at  approximately  10%. 5'6  The  study 
by  Newman  and  co-workers,7  which  found  that 
8.8%  of  the  dose  from  a  metered  dose  inhaler 
(MDI)  actually  reached  the  lungs,  is  often  refer- 
enced. An  abstract  from  Dolovich*s  group8  in  1981 
reported  that  only  1 .62%  of  the  total  aerosol  dose 
reached  a  test  lung  with  15  minutes  of  nebulization, 
and  that  an  estimated  dose  of  4.8%  would  be  de- 
livered if  nebulization  were  continued  until  no 
more  aerosol  was  produced.  Such  figures  are  con- 
sistent with  later  studies  by  Maclntyre  et  al9  and  by 
Fuller  et  al,'"  which  found  means  of  2.9%  and 
1.22%  of  the  total  dose  reaching  the  lung.  A  recent 
study  by  O'Doherty  and  associates"  found  5.4%  of 
the  total  nebulizer  dose  deposited  beyond  the  end 
of  an  endotracheal  tube.  Although  deposition  may 
be  less  with  intubated,  ventilated  subjects  than  with 
nonintubated  ones,  clinical  response  to  aerosolized 
drugs  has  been  demonstrated  in  several  studies.'2"'" 

Data  began  to  accumulate  further  on  aerosolized 
drug  delivery  in  intubated,  ventilated  subjects.  The 
numerous  factors  introduced  into  the  delivery  sys- 
tem with  this  configuration  have  been  addressed  in 
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a  variety  of  studies.  The  studies  by  Ahrens'  group1-"1 
in  1986  and  by  Crogan  and  Bishop16  in  1989 
showed  that  aerosol  delivery  decreases  as  endo- 
tracheal tube  size  becomes  smaller.  The  placement 
of  an  SVN  in  the  ventilator  circuit  upstream  from 
the  patient-Y  adapter  was  found  to  increase  de- 
livery.1718  Use  of  a  reservoir  chamber  can  increase 
aerosol  delivery  with  either  an  SVN  or  an  MDI 
when  placed  on  the  inspiratory  limb  of  a  ventilator 
circuit."19  This  is  consistent  with  the  improved 
aerosol  delivery  found  by  Hughes  and  Saez  when 
an  SVN  was  moved  upstream  away  from  the  pa- 
tient-Y.17 In  effect,  a  reservoir  is  created  by  moving 
the  aerosol  generator  away  from  the  patient  airway 
adapter.  Nebulization  during  inspiration  improved 
delivery  in  the  study  by  Hughes  and  Saez,17  but  not 
in  that  of  Quinn,18  indicating  unresolved  questions. 
It  has  also  been  shown  that  nebulizer  brand  and  fill- 
ing volume  can  affect  performance  and  aerosol  out- 
put generated."'2021  The  use  of  in-line  humid- 
ification  during  aerosol  generation  results  in  less 
aerosol  delivery.21  Findings  suggest  that  increasing 
inspiratory  time  as  a  percentage  of  total  cycle  time 
(duty  cycle),  and  lower  respiratory  rates  both  im- 
prove aerosol  delivery  and  deposition  when  meas- 
ured in  bench  studies."21 

It  is  in  this  perspective  that  we  can  appreciate 
the  work  reported  by  McPeck  and  associates22  in 
this  issue  of  Respiratory  Care.  Their  study  of  neb- 
ulizer performance  with  drive  systems  on  four  con- 
temporary ventilators  contributes  to  our  knowledge 
of  an  additional  and  significant  factor  affecting  aer- 
osol delivery  with  ventilated  subjects.  With  expira- 
tory sensors  on  modern  ventilators  affected  by  ex- 
ternal continuous-flow  sources,  it  is  prudent  to  use 
the  intrinsic  nebulizer  power  systems  on  the  newer 
ventilators  for  aerosol  therapy.  This  study  shows  us 
that  there  is  significant  variability  in  performance 
among  ventilator  nebulizer-drive  systems.  Aerosol 
delivery  to  the  distal  end  of  an  endotracheal  tube 
from  nebulizers  powered  by  the  ventilator  system 
varied  from  3.2%  to  14.7%  of  the  original  dose. 
The  time  needed  for  complete  nebulization  ranged 
from  30  to  90  minutes. 

This  study  has  several  implications  for  clinicians 
and  consumers  of  the  research  literature.  First, 
comparisons  of  clinical  effects  with  aerosol  drug 
delivery  are  more  equipment-specific  and  con- 
figuration-specific than  we  might  like.  Patient  re- 


sponse found  in  a  study  with  one  type  of  delivery 
configuration  may  not  generalize  to  our  particular 
clinical  protocol  with  a  different  equipment  con- 
figuration. Second,  reports  of  clinical  studies  of 
aerosol  drugs  must  offer  full  and  detailed  specifica- 
tion of  the  aerosol  delivery  configuration  in  order 
to  be  interpreted  and  applied  accurately.  This  in- 
cludes ventilating  volumes,  size  of  endotracheal 
tube,  flowrates,  aerosol  generator,  power  flows,  use 
of  a  reservoir,  and  placement  of  the  MDI  or  neb- 
ulizer. The  specification  itself  points  out  the 
amount  of  variation  possible  in  aerosol  delivery.  Fi- 
nally, the  results  found  by  McPeck  and  his  group  at 
SUNY  emphasize  the  need  for  a  careful,  continued 
scientific  description  of  all  variables  in  an  aerosol 
delivery  system.  Their  study  should  alert  us  to  the 
fact  that  aerosol  delivery  can  be  changed  sig- 
nificantly by  many  variables.  Because  such  var- 
iability can  exist,  we  urge  caution  in  experimenting 
with  new  unproven  techniques  on  patients,  when 
appropriate  and  adequate  scientific  assessment  of 
effects  has  not  been  established.  This  is  not  to  rule 
out  experimentation  and  creativity — just  experi- 
mentation without  careful  assessment  of  outcome. 

It  is  gratifying  to  see  an  investigation  such  as 
that  of  McPeck  and  colleagues  reported  in  our  jour- 
nal, and  to  have  the  scientific  basis  of  a  widespread 
therapy  further  illuminated  by  careful  measure- 
ment. 

Joseph  L  Rau  Jr  PhD  RRT 

Professor  and  Chair 

Cardiopulmonary  Care  Sciences 

Georgia  State  University 

Atlanta.  Georgia 

Dean  Hess  MEd  RRT 

Instructor 

Department  of  Anesthesia 

Harvard  Medical  School 

Assistant  Director 

Respiratory  Care 

Massachusetts  General  Hospital 

Boston,  Massachusetts 


Reprints:  Joseph  Rau.  Cardiopulmonary  Care  Seienees.  Geor- 
gia State  University,  Atlanta  GA  30303. 
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The  Re-Emergence  of  Tuberculosis: 

A  Previously  Forgotten  Disease 
Becomes  a  Problem  for  Caregivers 


Disease  caused  by  the  tubercle  bacillus,  or  tuber- 
culosis (TB),  has  afflicted  mankind  for  centuries, 
as  evidenced  by  the  finding  of  tuberculous  in- 
fection in  Egyptian  mummies.'  This  highly  in- 
fectious disease  can  affect  many  parts  of  the  body, 
such  as  the  skin  and  the  spine,  but  TB  of  the  lungs 
is  the  commonest  form,  and  it  is  pulmonary  TB  that 
we  associate  with  history's  noted  sufferers  such  as 
Frederick  Chopin,  John  Keats,  and  Robert  Louis 
Stevenson.  Respiratory  caregivers  know  that  Rene 
Laennec  invented  the  stethoscope,  but  they  may  not 
realize  that  he  also  was  the  first  person  to  precisely 
describe  the  clinical  course  of  TB,  a  disease  from 
which  he  himself  suffered  until  his  early  death  at 
age  45.' 

Historically,  TB  has  been  a  disease  of  cities,  but 
only  since  the  industrial  revolution  has  there  been 
sufficient  crowding  to  permit  its  spread  to  large 
numbers  of  persons  in  the  United  States.  Here,  as 
well  as  in  Europe,  TB  then  became  an  epidemic. 
Older  members  of  our  population  will  recall  the 
screened  porches  of  hospitals'  TB  pavillions,  as 
well  as  the  many  freestanding  TB  sanatoria  that 
were  found  throughout  the  U.S.  prior  to  World  War 
II.  Most  city  dwellers  back  then  knew,  or  knew  of, 
somebody  who  was  "in  the  sanatorium."  Often,  it 
was  a  relative.  All,  from  rich  to  poor,  were  eligible. 

After  that  war,  TB  morbidity  and  mortality 
changed,  like  so  much  else  in  American  life.  The 
United  States  Public  Health  Service  Tuberculosis 
Program  was  created  in  1944.  The  discovery  of 
streptomycin  at  that  time,  soon  followed  by  the 
anti-TB  drugs  isonicotine  hydrazine  (INH)  and 
para-aminosalicylic  acid  (PAS),  led  to  highly  effec- 
tive oral  medication  regimens.  Outpatient  manage- 
ment and  cure  in  those  patients  who  were  compliant 
in  taking  their  medications  for  the  many  required 
months  permitted  the  closure  of  TB  pavillions  and 
sanatoria.  With  an  average  annual  decline  of  5%  in 


the  number  of  TB  cases  reported  from  the  1 950s  to 
1984,2  it  looked  as  though  TB  would  disappear. 

However,  with  the  closure  of  TB  treatment  insti- 
tutions, direct  medication  administration  was  large- 
ly replaced  by  self-treatment,  and,  unfortunately, 
many  patients  failed  to  take  their  medications  faith- 
fully. Concomitantly,  the  U.S.  was  beset  by  grow- 
ing problems  of  homelessness,  substance  abuse, 
and  family  and  societal  disorganization,  as  well  as 
reduced  existence  of,  and  access  to,  tuberculosis 
control  programs.1  Together  with  a  general  lack  of 
teaching  about  TB  to  diseased  patients,  this  meant 
that  patients'  noncompliance  with  treatment  was  in- 
evitable and  insidious. 

The  TB-risk  picture  was  greatly  exacerbated  by 
the  mid-1980s,  when  human  immunodeficiency  vi- 
rus (HIV)  infection  had  spread  rapidly  through  sev- 
eral of  the  TB-prone  populations,  with  many  refer- 
ences to  this  phenomenon  in  the  TB  literature 
thereafter.3"15  From  1985  onward,  the  formerly  de- 
clining number  of  TB  cases  changed  to  an  in- 
crease— in  fact,  an  increase  of  15.8%  from  1985  to 
199 1.2  In  addition  to  a  rising  rate  of  TB  in  the 
homeless316  and  in  crowded  urban  populations,  the 
disease  visits  packed  prisons,17"19  migrant  farm 
workers,20  and  certain  minorities.21  Furthermore,  the 
years  of  TB  decline  in  the  U.S.  had  not  been  shared 
by  much  of  the  rest  of  the  world,  where  millions 
were  displaced  by  war,  famine,  and  other  disasters 
and  lived  in  extremely  crowded  refugee  facilities  or 
existed  in  cities  whose  infrastructure  had  all  but 
disappeared — perfect  settings  in  which  TB  could 
flourish.  Many  of  these  persons  have  migrated  to 
the  U.S.,  and  TB  has  come  with  them.22  Still  an- 
other problem  was  the  appearance  of  multidrug- 
resistant  Mycobacterium  tuberculosis.2'  Healthcare 
workers  therefore  are  inevitably  finding  increasing 
numbers  of  patients  with  TB,  diagnosed  or  undiag- 
nosed, under  their  care. 
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TB  infection  occurs  when  aerosol  droplets  con- 
taining the  organism  are  inhaled.  This  was  elegant- 
ly shown  more  than  30  years  ago  by  Riley  et  al,24 
who  exposed  guinea  pigs  to  air  ventilated  from  TB 
wards  housing  active  cases.  After  becoming  air- 
borne when  an  infected  individual  expels  them 
through  sneezing,  talking,  singing,  or  coughing, 
these  droplets  can  remain  airborne  and  infectious 
for  several  hours.  Inhalation  by  a  host  is  followed 
by  replication  of  the  organisms,  local  spreading 
through  lymphatic  drainage,  and  further  dissemi- 
nation throughout  the  body  via  the  bloodstream  in 
the  first  2  to  3  weeks  after  exposure.  At  this  time 
the  immune  system  has  mobilized,  and  most  ex- 
posed persons  keep  the  infection  contained  for  their 
lifetimes.25 

Persisting  organisms  can  later  reactivate  and 
cause  active  TB,  usually  in  about  10%  of  those  in- 
fected. The  latter  occurs  particularly  if  the  immune 
system  has  been  weakened,  whether  by  other 
chronic  conditions  such  as  HIV  infection,  silicosis, 
diabetes  mellitus,  end-stage  renal  disease,  malab- 
sorption syndromes,  carcinomas  of  the  oropharynx 
and  upper  gastrointestinal  tract,  post-gastrectomy. 
lung  fibrosis,  hematologic  and  reticuloendothelial 
disease,  or  body  weight  10%  or  more  below 
ideal — or  by  interventions  such  as  prolonged  corti- 
costeroid therapy,  intestinal  bypass,  or  immuno- 
suppressive therapy. 

Caregivers  should  be  aware  that  TB  is  not 
spread  by  fomites  (ie,  on  dishes,  napkins,  and  uten- 
sils), and  only  rarely  is  it  transmitted  by  instru- 
ments such  as  bronchoscopes. 26  Transmission  oc- 
curs mainly  through  aerosols.24  Respiratory  care 
practitioners  (RCPs)  therefore  clearly  are  at  greater 
risk  for  TB  than  many  other  health  professionals, 
because  of  their  frequent  involvement  in  induced 
sputum  procedures,  the  cough-inducing  nature  of 
the  suctioning  techniques  they  perform,  and  the  at- 
mospheric aerosols  associated  with  inhalational 
and  artificial  ventilation  procedures.2728 The  risk  to 
healthcare  workers  from  patients  with  HlV-asso- 
ciated  TB  appears  to  be  greater  than  the  risk  from 
TB  patients  without  HIV  infection. 

A  1993  article  reports  that  over  a  6-year  period, 
in  5  medical  centers,  7  cases  of  TB  occurred  in  per- 
sons caring  for  85  HIV-positive  patients  with  TB. 
whereas  only  2  cases  occurred  in  healthcare  workers 
caring  for  1,079  HIV-negative  patients  with  TB.'"' 


Given  these  risks,  RCPs  should,  as  standard 
practice,  observe  precautions  such  as  maintaining  a 
closed  system  when  suctioning  an  intubated  patient 
with  an  undiagnosed  pulmonary  process.7  When 
cough-inducing  procedures  take  place  where  RCPs 
are  exposed  to  potentially  infectious  aerosols,  spe- 
cial face  masks  known  as  disposable  particulate 
respirators  should  be  worn.7  These  look  like  those 
familiar  cup-shaped  surgical  masks,  but,  when 
worn  correctly,  they  have  a  better  face  seal  than 
surgical  masks,  which  decreases  air  leakage  around 
the  edges.  Most  importantly,  they  can  filter  out 
droplet  nuclei.  In  a  word,  disposable  particulate 
respirators  can  prevent  the  inhalation  of  TB  bacilli 
if  fitted  well.  Other  precautions  apply  in  various 
healthcare  settings. 2y 

The  value  of  purified  protein  derivative  (PPD) 
skin  testing  on  a  regular  basis,  every  6  to  12 
months,  for  all  personnel  involved  in  patient  care, 
cannot  be  overemphasized.  Through  PPD  testing, 
recently  infected  personnel  can  be  offered  pre- 
ventive therapy  very  early.  Such  prevention  is  im- 
portant because  progression  to  active  TB  is  most 
common  during  the  first  year  after  exposure  if 
treatment  is  not  begun.  A  PPD  program  can  be 
managed  by  the  institution's  employee  health  pro- 
gram or  with  the  assistance  of  the  infection  control 
service.  It  should  be  the  responsibiliy  of  every  res- 
piratory care  department  to  ensure  that  all  ther- 
apists are  tested  regularly.  This  benefits  not  only 
the  employees  but  all  patients  as  well. 

If  a  healthcare  worker  has  been  exposed  to  a  per- 
son known  to  have  TB,  he  or  she  should  immedi- 
ately receive  a  diagnostic  evaluation:  medical  his- 
tory, PPD  test,  and,  if  indicated,  chest  radiograph 
and  sputum  analysis.  If  evidence  shows  clinical  dis- 
ease, the  appropriate  drug  treament  should  begin.24 
Currently  recommended  is  a  6-month  course  of  the 
drug  INH.25  If  the  individual  is  immunosuppressed 
or  co-infected  with  HIV,  then  a  1 2-month  course  is 
indicated.25 

The  American  Thoracic  Society  (ATS),  which 
grew  out  of  an  earlier  organization  whose  primary 
focus  was  tuberculosis,  is  in  the  forefront  of  the  re- 
sponse to  the  re-emergence  of  the  TB  scourge  in 
the  final  decade  of  the  20th  century.  A  resource 
that  furnishes  more  details  about  TB,  its  pre- 
vention, and  its  treatment  than  we  can  supply  in 
this  editorial,  is  that  organization's  statement,  Con- 
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trol  of  Tuberculosis  in  the  United  States,  which 
was  adopted  in  1992  and  published  last  December 
in  the  ATS  journal  American  Review  of  Respira- 
tory Disease.29  Believing  that  respiratory  care  prac- 
titioners as  individuals,  and  their  employing  or- 
ganizations, should  refer  to  and  be  guided  by  this 
statement,  the  editors  of  RESPIRATORY  CARE  are 
reprinting  it,  with  permission,  in  this  issue  (Pages 
929-939).  We  encourage  RCPs  and  medical  and 
technical  directors  of  respiratory  care  services — 
whether  in  hospitals,  clinics,  home  care  services,  or 
other  institutions  and  settings — to  carefully  read 
the  ATS  statement  and  to  become  familiar  with  to- 
day's TB  problems  and  the  intelligent  forms  of  re- 
sponse to  them. 

Robert  L  Volosky  MD 

Fellow,  Infectious  Diseases  Division 

Frederick  L  Ruben  MD 

Professor  of  Medicine 

University  of  Pittsburgh 
Head,  Infectious  Diseases  Division 

Montefiore  University  Hospital 
Pittsburgh,  Pennsylvania 
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A  Manager's  Perspective  on  Respiratory  Therapy 
Consult  Services 


I  believe  that  we  as  healthcare  professionals 
have  good  cause  to  think  that  the  healthcare  system 
as  we  know  it  today  will  be  quite  different  in  the 
near  future.  The  current  concerns  are  different  from 
the  concerns  of  a  decade  or  more  ago  when  the 
prospective  payment  system  incorporating  diag- 
nosis related  groups  (DRGs)  was  first  introduced.1'2 
Although  many  predictions  of  gloom  and  doom 
were  made  when  the  DRG  method  of  reimburse- 
ment for  Medicare  patients  was  first  being  imple- 
mented, the  impact  of  DRGs  has  not  been  the 
downfall  of  the  healthcare  system.2  Rather,  al- 
though some  have  been  unable  to  cope,  many  insti- 
tutions have  flourished  under  this  system  by  pro- 
viding better  and  more  efficient  care. 

Because  our  current  healthcare  delivery  system 
consumes  approximately  14%  of  the  gross  national 
product  (GNP,  the  dollar  value  of  all  goods  and  ser- 
vices produced  in  the  United  States),  growing  con- 
cern within  the  public  and  private  sectors  mandates 
that  healthcare  costs  be  curtailed  if  our  economy  is 
to  experience  a  sustained  recovery  and  if  we  are  to 
have  a  positive  effect  on  decreasing  the  national 
debt.  Thus,  we  are  on  the  brink  of  change,  explor- 
ing how  to  become  more  efficient  while  reducing 
expenses  associated  with  our  daily  operations. 

Misallocation  of  respiratory  care  resources  that 
threatens  our  ability  to  provide  needed  services3 
and  reorganization,  'down-sizing,'  and  even  aboli- 
tion of  respiratory  care  departments  in  some  hospi- 
tals45 have  me  wondering  whether  respiratory  ther- 
apy professionals  are  positioning  themselves  as 
vital  members  of  the  healthcare  team.  As  a  manag- 
er and  a  therapist,  I  agree  with  Sam  Giordano,  Ex- 
ecutive Director  of  the  AARC,6  that  strategies  to 
secure  our  role  as  vital  members  of  the  healthcare 
team  must  be  based  on  our  demonstration  of  our 
unique  value  in  delivering  services  that  cannot  be 
performed  as  effectively  by  others.  To  the  extent 
that  our  traditional  role  as  respiratory  therapists  can 
be  eroded  by  other  healthcare  professionals,  we 


need  new  objectives — (1)  increased  participation  in 
high-technology  environments  (eg,  intensive  care 
units,  pulmonary  function  laboratories,  pulmonary 
and  cardiac  monitoring,  and  extracorporeal  mem- 
brane oxygenation)  and  (2)  enhanced  clinical-as- 
sessment and  decision-making  skills7"10  to  optimize 
allocation  of  respiratory  care  services  and  thus  to 
appropriately  utilize  scarce  resources.""14  An  ex- 
ample of  this  second  strategy  is  an  evaluate-and- 
treat  program,  or  a  therapist-driven  protocol  pro- 
gram, l5"19  known  at  our  institution  as  the  Respira- 
tory Therapy  Consult  Service.20 

My  goal  in  this  editorial  is  to  comment  on  such 
programs — call  them  evaluate-and-treat  programs, 
respiratory  therapy  consult  services,  or  therapist- 
driven  protocol  programs — as  potential  solutions 
for  some  of  the  challenges  confronting  respiratory 
care  today.  These  thoughts  reflect  my  perspective 
as  a  manager  in  the  63-member  Section  of  Res- 
piratory Therapy  at  the  Cleveland  Clinic  Founda- 
tion, a  large  tertiary-care  hospital.  Recently,  these 
programs  appropriately  have  been  receiving  much 
attention  within  the  respiratory  care  community. lv2° 
For  some  of  us,  such  programs  have  been  in  place 
for  several  years  and  continue  to  be  an  excellent 
model  for  providing  respiratory  care;  others  are  just 
beginning  to  implement  such  programs;  and  still 
others  are  just  beginning  to  explore  this  concept. 
From  my  perspective,  a  respiratory  therapy  consult 
service  exemplifies  the  way  respiratory  care  should 
be  practiced  in  today's  environment.  This  concept 
affords  respiratory  care  practitioners  the  oppor- 
tunity to  develop,  build,  and  utilize  a  broad  base  in 
assessment,  theory,  and  technical  skills.  As  has 
been  discussed  by  Tietsort,1"'  allocating  appropriate 
decision  making  to  skilled  therapists  in  such  pro- 
grams can  enhance  professional  esteem  and  satis- 
faction, improve  retention  both  within  the  institu- 
tion and  the  field  of  respiratory  care,  and  provide 
research  opportunities. 
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A  respiratory  therapy  consult  service  can  signif- 
icantly increase  recruitment  and  retention  of  practi- 
tioners within  our  profession.  Many  therapists  be- 
lieve themselves  to  be  underutilized — exercising 
minimal  input  into  the  respiratory  care  plans  of 
their  patients  but  burdened  with  the  stress  of  a  large 
work  load,  up  to  a  third  of  which  may  be  unneces- 
sary.321 I  believe  that  this  sense  of  being  under- 
utilized is  reflected  in  the  preference  of  many  thera- 
pists for  the  intensive  care  environment,  where 
most  respiratory  care  is  indicated  and  the  thera- 
pist's voice  can  be  heard.  Wide  acceptance  of  eval- 
uate-and-treat  models  would,  in  my  view,  assure  a 
steady  stream  of  recruits  and  lessen  the  frustration 
among  practitioners  that  often  leads  to  the  pursuit 
of  other  careers.  Some  misallocation  of  respiratory 
care  services  in  our  institution  has  already  been 
demonstrated.20  and  we  are  investigating  the  prom- 
ising impact  of  the  Cleveland  Clinic  Foundation's 
Respiratory  Therapy  Consult  Service  on  allocation 
of  respiratory  care  services.  One  noteworthy  effect 
of  the  Service  has  been  its  impact  on  patterns  of 
physician-ordering  practices.  For  example,  the  Ser- 
vice has  been  in  effect  on  our  postoperative  floors 
for  a  little  over  a  year.  A  preliminary  comparison 
of  services  provided  during  each  February  and 
March  of  the  last  3  years  reveals  an  important  de- 
crease in  respiratory  services  provided  over  the  pe- 
riod that  the  Service  has  been  in  place  (unpublished 
data).  Specifically,  total  therapies  decreased  by  8% 
when  1993  is  compared  to  1991  and  by  35%  when 
1993  is  compared  to  1992.  The  average  number  of 
performed  treatments  per  patient  was  11  in  1991, 
14  during  1992,  and  now  9  in  1993.  Annual  patient 
charges  decreased  by  $24,486  from  pre-Service  to 
the  present  and  by  $81,826  when  1992  is  compared 
to  1993.  This  decrease  in  the  volume  of  respiratory 
care  services  has  occurred  despite  a  constant  pa- 
tient volume  over  the  3-year  period,  the  last  of 
which  the  service  was  available.  Furthermore,  the 
decrease  in  ordered  respiratory  care  services  has 
been  evident  both  in  patients  managed  by  the  Ser- 
vice and  those  managed  by  physician-directed  res- 
piratory care,  suggesting  that  the  availability  of  the 
Service  has  decreased  physician  ordering  even 
without  direct  Service  input.  Studies  evaluating  the 
appropriateness  of  respiratory  care  orders  are  cur- 
rently under  way  at  the  Cleveland  Clinic,  but  our 
preliminary    impression    is    that    the    Respiratory 


Therapy  Consult  Service  has  had  a  positive  in- 
fluence on  physician-ordering  practices.  A  similar 
favorable  effect  of  therapist  input  has  been  ob- 
served in  postoperative  patients  receiving  oxygen 
therapy  at  our  institution.22 

A  third  important  aspect  of  evaluate-and-treat 
programs  is  their  impact  on  current  curricula  for 
respiratory  care  schools.  Are  programs  presently 
providing  students  with  the  appropriate  clinical 
knowledgebase  and  assessment  skills  to  function  as 
"evaluators"  of  patients'  respiratory  care  require- 
ments?23 Do  minimal  levels  of  competency  and 
testing  have  to  be  changed  in  order  to  ensure  that 
all  therapists  are  able  to  provide  this  service?  These 
issues  must  be  addressed  as  the  trend  toward  wide- 
spread use  of  evaluate-and-treat  programs  continues. 

Although  the  respiratory  therapy  consult  service 
is  a  promising  concept  with  the  prospect  of  enhanc- 
ing allocation  of  respiratory  care,  promoting  ther- 
apist self-esteem  and  satisfaction,  and  improving 
career  development  in  respiratory  care,  validation 
of  these  effects  and  documentation  of  favorable  pa- 
tient outcomes  and  cost-effectiveness  are  needed 
by  active  investigation.  Although  preliminary  infor- 
mation supports  evaluate-and-treat  programs,  many 
questions  still  need  to  be  answered  by  managers  of 
respiratory  care  departments.  Will  patient  length  of 
stay  change  as  a  result  of  widespread  use  of  this 
service?  What  are  the  implications  for  financial 
reimbursement  in  hospitals  that  adopt  widespread 
use  of  a  respiratory  therapy  consult  service?  When 
these  programs  are  appropriately  applied,  do  staff- 
ing levels  change?  Do  traditional  services  provided 
by  respiratory  care  departments  change?  Is  valida- 
tion of  appropriateness  of  these  programs  incor- 
porated into  continuous  monitoring  (quality  assur- 
ance) programs?  Many  of  these  questions  are  yet  to 
be  answered  by  those  of  us  privileged  to  practice 
respiratory  care  in  such  progressive  and  high-qual- 
ity environments.  Supplying  those  answers  can  help 
assure  respiratory  care  practitioners  a  continuing, 
contributing  role  on  the  healthcare  team. 

Douglas  K  Orens  MBA  RRT 

Manager,  Section  of  Respiratory  Therapy 

Department  of  Pulmonary  and 

Critical  Care  Medicine 

Cleveland  Clinic  Foundation 

Cleveland,  Ohio 
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Choice  of  Mechanical  Ventilator: 
Influence  on  Nebulizer  Performance 

Michael  McPeck  BS  RRT,  Thomas  G  O'Riordan  MB  MRCPI, 
and  Gerald  C  Smaldone  MD  PhD 

STUDY  QUESTION:  Do  the  nebulizer-drive  characteristics  of  mechanical  ventila- 
tors influence  aerosol  delivery?  MATERIALS  &  METHODS:  Using  a  test  bench 
protocol  incorporating  an  ETT  and  test  lung,  we  measured  the  aerosol  generated 
by  two  different  jet  nebulizers  charged  with  radiolabeled  (technetium  per- 
technetate,  '"'"Tel  saline  solution.  A  low-resistance  absolute  filter  was  used  to  col- 
lect the  radioaerosol  delivered  to  the  distal  tip  of  the  ETT,  the  quantity  of  which 
was  expressed  as  a  percentage  of  the  nebulizer  charge  (inhaled  mass%).  Airlife 
and  Hudson  jet  medication  nebulizers  were  selected  for  testing,  and  four  con- 
temporary ventilators  (BEAR  1000,  Hamilton  Veolar,  Infrasonics  Adult  Star,  and 
Puritan-Bennett  7200ae)  were  set  at  f  =  15/min,  Vt  =  1,000  mL,  square  inspiratory 
flow  pattern,  inspiratory  flowrate  =  45  L/min  (I:E  =  1:2;  inspiratory  time  fraction 
=  33%)  for  all  experiments.  Humidification  was  not  used  because  it  has  been  pre- 
viously shown  to  reduce  aerosol  delivery.  Serial  measurements  over  time  of  filter 
radioactivity  were  made  with  each  nebulizer  until  cumulative  radioactivity 
reached  a  plateau:  the  results  at  each  interval  were  graphed  and  expressed  as  a 
percentage  of  the  activity  initially  placed  in  the  nebulizer.  In  addition  to  aerosol 
delivery,  we  measured  the  pressure  generated  in  the  nebulizer-drive  line  proximal 
to  the  nebulizer  during  inspiration  and  the  gas  flow  through  the  nebulizer,  using  a 
pneumotachograph  and  recorder.  RESULTS:  Aerosol  delivery  to  the  ETT  filter 
varied  over  a  wide  range  with  values  from  3.2%  to  3.6%  for  the  Hamilton  and 
9.6%  to  14.7%  for  the  other  ventilators.  In  parallel  with  these  observations,  driv- 
ing pressure  and  flow  varied  in  a  similar  manner,  with  values  measured  for  the 
Hamilton  lower  than  the  other  brands.  The  time  to  complete  nebulization  ap- 
peared related  to  driving  pressure,  with  the  high  pressure  ventilators  completing 
the  treatment  in  one  third  the  time  (30  vs  90  min).  CONCLUSION:  The  choice  of 
mechanical  ventilator  has  an  important  influence  upon  the  efficiency  of  jet  nebuli- 
zation within  a  ventilator  circuit.  Driving  pressure  and  flow  to  the  nebulizer  can 
significantly  affect  nebulizer  performance  and  treatment  duration.  Therefore,  in 
designing  a  protocol  to  deliver  a  nebulized  drug  to  a  ventilated  patient,  the  choice 
of  ventilator  must  also  be  taken  into  account  together  with  previously  identified 
variables  that  include  choice  of  nebulizer,  ventilator  settings,  and  humidification. 
[Respir  Care  1993;38(8):887-895.] 


Mr  McPeck  is  Director.  Department  of  Respiratory  Care,  Uni- 
versity Hospital;  Drs  O'Riordan  and  Smaldone  are  from  the 
Department  of  Medicine.  Pulmonary/Critical  Care  Division — 
State  University  of  New  York  at  Stony  Brook.  Stony  Brook, 
New  York. 

This  paper  was  supported  by  Grant  AI  16337  from  the  Na- 
tional Institutes  of  Health  and  University  Hospital  Operational 
Grant  371318. 

Reprints:  Gerald  C  Smaldone  MD  PhD,  Pulmonary  Disease 
Division,  State  University  of  New  York  at  Stony  Brook.  HSC 
T17-040,  Stony  Brook  NY  1 1794-8172. 


Introduction 

In  recent  years  there  has  been  a  marked  increase 
in  the  number  of  drugs  other  than  bronchodilators 
and  corticosteroids  that  have  been  proposed  for 
topical  delivery  to  the  lungs.  These  include 
pentamidine,  aminoglycosides,  antiproteases.  sur- 
factant, antioxidants,  and  cyclosporine.1"''  Patients 
who  are  undergoing  mechanical  ventilation  may 
eventually  become  candidates  for  treatment  with 
some  or  all  of  these  drugs.  Further,  because  most 
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investigational  drugs  are  not  initially  available  in 
metered  dose  inhaler  (MD1)  form,  the  only  prac- 
tical way  to  administer  them  by  the  aerosol  route  is 
with  a  medication  nebulizer.  Unfortunately,  studies 
have  shown  that  delivery  of  nebulized  drugs  during 
mechanical  ventilation  can  often  be  inefficient  and 
unpredictable.7  "' 

Recent  studies11"13  have  identified  a  number  of 
factors  that  can  influence  the  amount  of  aerosol  de- 
livered to  an  intubated  patient  by  nebulizer  and 
which,  if  optimized,  would  greatly  increase  the 
amount  of  aerosol  inhaled  by  the  patients,  com- 
pared to  the  findings  of  earlier  published  studies.  A 
paper  from  our  group"  reported  that  the  type  of 
nebulizer,  the  treatment  time,  the  inspiratory  time 
fraction  (duty  cycle),  the  volume  of  solution  to  be 
nebulized,  and  the  presence  or  absence  of  a 
humidification  device  affect  aerosol  delivery.  In  a 
follow-up  clinical  study.12  we  demonstrated  that 
optimization  of  the  factors  outlined  in  the  bench 
study"  resulted  in  deposition  of  radiolabeled  aero- 
sol in  the  lungs  of  intubated  and  ventilated  subjects 
that  was  similar  to  lung  deposition  previously  re- 
ported in  spontaneously  breathing  subjects  using 
the  same  nebulizers.12  In  another  bench  study, 
O'Doherty  et  al'3  found  that  ventilator  settings,  vol- 
ume fill,  the  position  of  the  nebulizer  in  the  in- 
spiratory tubing,  the  addition  of  a  storage  chamber, 
and  the  gas  flow  through  the  nebulizer  were  im- 
portant. 

Because  our  group"12  and  O'Doherty  et  al13 
each  studied  only  one  brand  of  ventilator,  these 
studies  did  not  determine  whether  differences  exist 
among  different  brands  of  ventilator.  We"  l2  used  a 
BEAR  2  ventilator*  that,  although  still  in  use  in  this 
country,  is  no  longer  in  production.  The  BEAR  2  is 
typical  of  a  variety  of  ventilators  that  have  built-in 
capacity  to  power  a  small-volume  medication  neb- 
ulizer. O'Doherty  et  al13  utilized  a  Siemens  Servo 
900C  ventilator  in  their  study.  The  Siemens  900C 
does  not  have  the  built-in  capacity  to  power  a  neb- 
ulizer but  was  fitted,  in  the  O'Doherty  et  al  study, 
with  a  Servo  945  nebulizer  driver,  an  optional  ac- 
cessory that  channels  gas  from  the  air-oxygen 
blender  to  the  nebulizer  during  the  inspiratory 
phase.  So-called  third-generation  microprocessor- 
controlled  ventilators  from  a  variety  of  manufactur- 


*Suppliers  are  identified  in  the  Product  Sources  section  at  the 
end  of  the  text. 


ers  are  now  being  marketed  in  place  of  the  earlier 
electronic  ventilators  typified  by  the  BEAR  2.  the 
Siemens  Servo  900C,  and  others.  However,  to  our 
knowledge,  none  of  these  ventilators  has  been  char- 
acterized with  respect  to  its  ability  to  power  various 
small- vol  time  jet  nebulizers  designed  for  med- 
ication delivery. 

Aerosol  drug  delivery  to  the  lungs  can  be  in- 
fluenced by  many  factors,  including  nebulizer  fac- 
tors,141'' patient  factors.2  and  ventilator  factors."13 
All  of  these  factors  have  already  been  explored  and 
described  to  some  extent  (including  the  ventilator 
factors  of  tidal  volume,  breathing  pattern,  and  in- 
spiratory time),  but  the  systems  used  by  various 
ventilator  manufacturers  to  power  jet  nebulizers 
have  not  been  assessed. 

It  is  well  known  that  gas-powered  jet  nebulizers 
must  be  provided  with  a  certain  minimum  driving 
pressure  in  order  to  function.  In  many  mechanical 
ventilators,  the  driving  pressure  and  gas  flowrate 
are  controlled  by  the  ventilator  and  cannot  be  al- 
tered by  the  operator  unless  the  operator  bypasses 
the  ventilator  and  operates  the  nebulizer  directly 
from  a  flowmeter  attached  to  a  separate  air  or  oxy- 
gen supply.  Furthermore,  there  are  no  industry- 
accepted  standards  for  nebulizer  pressure  and  flow 
capabilities  in  ventilators,  as  evidenced  by  the  di- 
versity of  manufacturers'  specifications16"19  shown 
in  Table  1 .  Further,  the  American  Association  for 
Respiratory  Care,  in  its  Consensus  Statement  on 
the  Essentials  of  Mechanical  Ventilators — 1992.2" 
did  not  address  the  subject  of  medication  delivery 
by  nebulizer.  Therefore,  we  designed  this  study  to 
determine  whether  the  nebulizer-drive  character- 
istics of  mechanical  ventilators  influence  aerosol 
delivery  and  whether  any  significant  differences 
exist  among  different  brands  of  ventilators  in  terms 
of  aerosol  delivery. 

Materials  and  Methods 

Selection  of  Ventilators  and  Nebulizers 

Four  third-generation  ventilators  (BEAR  1000, 
Hamilton  Veolar.  Infrasonics  Adult  Star,  and  Pu- 
ritan-Bennett 7200ae)  were  selected  for  evaluation 
based  upon  their  availability  to  our  laboratory.  The 
Hamilton  and  Puritan-Bennett  ventilators  were 
owned  by  this  institution  and  had  recently  under- 
gone preventive  maintenance  servicing.  The  Bear 
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Table  I.    Manufacturer's  Nebulizer-Drive  Specifications  for  Mechanical  Ventilators  Used  in  this  Study* 


Pressure 
psig  [kPaJ 


Flowrate 

(L/min) 


Cycling 


Duration 
(min) 


BEAR  100(1 

Hamilton  Veolar 
Infrasonics  Adult  Star 

Puritan-Bennett  7200ae 


10  1691 

5  [3-41  v 

10  [69] 

10  [69] 


All  modes,  inspiration  only  when 
flow  >  2o  L/min 

All  modes,  inspiration  only 

All  modes,  inspiration  only  when 
flow  >  15  L/min 

All  modes,  inspiration  only  when 
flow  >  10  L/min 


30 

15 

30 

30 


*Taken  from  References  16-19. 

tThis  pressure  refers  to  the  accumulator  tank  pressure  us  the  nebulizer  driving  pressure  is  not  specified 


and  Infrasonics  ventilators  were  demonstration 
models  loaned  to  us  by  the  local  product  represen- 
tatives for  testing.  Table  1  shows  the  nebulizer- 
drive  specifications  that  are  available  in  the  product 
literature  of  the  different  ventilators.  Two  brands  of 
disposable  jet  nebulizer  were  selected:  Airlife  Mis- 
ty-Neb and  Hudson  Neb-U-Mist.  Although  perhaps 
two  dozen  or  more  brands  of  disposable  nebulizer 
are  available  in  the  United  States,  these  were  se- 
lected based  upon  their  widespread  availability 
through  national  distribution  channels. 

The  experimental  protocol  called  for  testing 
each  ventilator  with  each  of  the  two  brands  of  neb- 
ulizer using  radiolabeled  normal  saline  and  a  bench 
method  previously  developed  in  this  laboratory.21 
Because  commercially  available  nebulizers  can 
vary  significantly  in  output  even  within  the  same 
brand.'  all  nebulizers  underwent  preliminary  bench 
testing  to  ensure  that  all  ventilators  would  be  tested 
with  nebulizers  of  comparable  output. 

This  was  accomplished  by  charging  each  neb- 
ulizer with  3  mL  of  radiolabeled  (technetium  per- 
technetate.  99mTc,  2-7  mCi)  normal  saline  and  then 
placing  the  nebulizer  in  a  radioisotope  calibrator  to 
measure  its  radioactivity  level.  Then  each  nebulizer 
was  powered  with  air  from  a  50  psig  [345  kPa| 
back-pressure  compensated  flowmeter  at  a  flowrate 
of  6  L/min  until  dry.  The  outlet  of  each  nebulizer 
was  connected  to  a  low-resistance  absolute  filter 
upon  which  the  radioaerosol  was  collected  (Fig.  1 ). 
After  the  nebulizer  was  dry.  the  filter  medium  was 
removed  from  its  housing  and  placed  in  the  radio- 


isotope calibrator  to  determine  its  radioactivity.  Af- 
ter correction  for  decay,  the  radioactivity  deposited 
on  the  filter  was  expressed  as  a  percentage  of  the 
initial  nebulizer  charge  (%  radioactivity  nebulized). 
As  summarized  in  Table  2.  the  Airlife  nebulizers 
chosen  for  the  study  nebulized  25.5  ( 1 .20)  9c,  mean 
(SD),  of  the  initial  nebulizer  charge,  and  the  Hud- 
son nebulizers  nebulized  32.9  (3.06)  9c  of  their  in- 
itial charge.  One  Airlife  and  one  Hudson  nebulizer 
was  then  randomly  assigned  to  each  ventilator. 

AIR  FLOWMETER 


OUTPUT  FILTER 


NEBULIZER-DRIVE  LINE 


NEBULIZER     | 
UNDER  1 


Fig.  1.  Preliminary  testing  of  nebulizer  function.  Each 
nebulizer  under  test  was  powered  with  air  from  a  50  psig 
[345  kPa]  back-pressure  compensated  flowmeter  (6  U 
min),  and  the  output  of  radioactivity  was  collected  on  an 
absolute  filter. 

Experimental  Setup 

The  experimental  setup  for  ventilator  testing  is 
shown  in  Figure  2.  Because  all  four  ventilators 
have  internal  exhalation  valves,  their  circuits  con- 
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Table  2.    Comparability  of  Four  Airlife  and  Four  Hudson  Nebulizers  Used  for  Ventilator  Testing 


Decay- 

Initial 

Corrected 

Activity 

Run  Time 

Nebulizer 

Charge 

Filter  Activity 

Nebulized 

Until  Dry 

Number 

(microcuries) 

(microcuries) 

(%  charge) 

(mins) 

Airlife  1 

1287.0 

339.4 

26.4 

7.00 

Airlife  2 

1185.0 

295.1 

24.9 

9.25 

Airlife  3 

1092.0 

263.5 

24.1 

8.75 

Airlife  4 

1335.0 

355.8 

26.6 

9.33 

Mean  (SD) 

25.5(1.20) 

8.58(1.09) 

Hudson  1 

1044.0 

314.5 

30.1 

7.25 

Hudson  2 

1428.0 

502.1 

35.2 

8.00 

Hudson  3 

1826.0 

554.6 

30.4 

7.25 

Hudson  4 

1764.0 

632.8 

35.9 

7.75 

Mean  (SD) 

32.9  (3.06) 

7.56(0.38) 

sisted  of  two  1.8-m  long,  22-mm  diameter  cor- 
rugated aerosol  hoses  (one  inspiratory  line  and  one 
expiratory  line)  connected  to  a  standard  sym- 
metrical ventilator  Y-piece.  A  standard  8-mm-ID 
polyvinylchloride  endotracheal  tube  (ETT)  was 
connected  directly  to  the  Y-piece.  The  distal  end  of 
the  ETT  was  connected  to  the  proximal  side  of  a 
low-resistance  absolute  filter  (inspiratory  filter).  An 
anatomic  curve  was  maintained  in  the  ETT  during 
testing.  The  distal  side  of  the  inspiratory  filter  was 
connected  to  the  inlet  of  a  Bio-Tek  Instruments 
VT-1  single-compartment  analog  lung  with  com- 
pliance set  at  0.025  L/cm  H20  [0.255  L/kPa]  and  re- 
sistance set  at  5  cm  H2OsL_1  [0.5  kPa  •  s  ■  L ']• 


VENTILATOR 
UNDER  TEST 


EXPIRATORY  LINE 


INSPIRATORY  LINE 


PRESSURE  GAUGE  (•'   /• 


NEB  JLIZER-DRIVE  LINE 


These  test-lung  settings  were  maintained  for  all  ex- 
periments. For  the  Hamilton  ventilator  only,  the 
plastic  variable-orifice  pneumotachograph  supplied 
with  the  ventilator  for  respiratory  monitoring  was 
inserted  between  the  Y-piece  and  the  ETT  con- 
nector as  specified  by  the  manufacturer. 

Each  ventilator  was  set  in  the  control  mode  at  f 
=  15,  Vt  =  1,000  mL,  square  wave  inspiratory  flow 
pattern,  inspiratory  flowrate  =  45  L/min  in  order  to 
yield  a  1:2  I-E  ratio  with  a  33%  inspiratory  time 
fraction  (duty  cycle).  The  Fio:  of  each  ventilator 
was  set  at  0.21  for  all  experiments.  Because  the 
presence  of  a  heated,  molecular-type  humidifier 
has  been  previously  shown  to  diminish  aerosol  de- 


Fig.  2.  For  measurement  of  aerosol  de- 
livery (inhaled  mass%),  the  nebulizer 
was  placed  in  the  inspiratory  line  of  the 
ventilator.  A  low-resistance  absolute  fil- 
ter (inspiratory  filter)  was  placed  at  the 
distal  end  of  the  ETT.  An  anatomic  curve 
in  the  ETT  (not  shown  in  the  figure)  was 
maintained  for  all  experiments.  The  leak 
filter  prevented  radiolabeled  aerosol  par- 
ticles that  leaked'  past  the  Y-piece  from 
being  expelled  out  through  the  exhala- 
tion valve.  Radioactivity  deposited  on 
the  leak  filter  has  no  significance  with  re- 
spect to  aerosol  delivery  to  the  distal  tip 
of  the  ETT  and  consists  entirely  of  par- 
ticles that  pass  directly  into  the  ex- 
piratory tubing  without  ever  having  been 
inhaled.  Nebulizer  driving  pressure  was 
measured  with  a  high-pressure  gauge. 
Flow  through  the  nebulizer  was  meas- 
ured by  pneumotachograph  at  Point  A. 


WO 
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livered  to  the  output  filter  by  a  mean  (SD)  of  41 
(3.5)  %,'""  we  bypassed  the  humidifier  during 
nebulization.  The  nebulizer  T-piece  included  with 
each  brand  of  nebulizer  was  inserted  into  the  in- 
spiratory circuit  12  inches  [30.5  cm]  proximal  to 
the  Y-piece.  On  the  expiratory  side  of  the  circuit,  a 
second  filter  (leak  filter)  was  placed  12  inches 
[30.5  cm]  distal  to  Y-piece  to  trap  radioactive  aero- 
sol particles  that  bypassed  the  Y-piece. 

Measurement  of  Nebulizer  Driving  Pressure 
and  Nebulizer  Flow 

The  output  pressure  of  the  ventilator  nebulizer- 
drive  circuit  was  measured  by  interposing  a  high- 
pressure  (0  to  15  psig  [0  to  103  kPaJ)  gauge  in  the 
nebulizer-drive  line  proximal  to  the  nebulizer  as 
shown  in  Figure  2.  The  gas  flow  through  each  neb- 
ulizer, when  placed  in  the  ventilator  circuit,  was 
also  measured  (Fig.  2).  A  Fleisch  pneumo- 
tachograph was  inserted  between  the  nebulizer  out- 
let and  the  T-piece  in  the  inspiratory  line.  Flow  ver- 
sus time,  derived  from  the  pneumotachograph,  was 
recorded  on  a  Grass  Model  P7  polygraph.  The 
Fleisch  pneumotachograph  was  calibrated  with  a 
known  flowrate  of  air  generated  by  placing  a 
weight  on  the  bell  of  a  recording  Stead-Wells  spi- 
rometer. The  pressure  and  flow  measurements  were 
performed  separately  from  the  measurements  of 
aerosol  delivery. 


A  fresh  inspiratory  filter  was  placed  at  the  distal 
end  of  the  ETT  at  the  start  of  each  run.  After  the 
designated  time  had  elapsed,  the  filter  medium  was 
removed  from  its  housing  and  placed  in  the  radio- 
isotope calibrator  to  determine  its  radioactivity.  For 
three  of  the  four  ventilators,  the  inspiratory  filter 
was  changed  at  5-minute  intervals  until  the  neb- 
ulizer was  dry.  For  one  of  the  ventilators,  the  radio- 
activity count  at  the  first  5-minute  interval  was  so 
low  it  was  decided  to  change  the  protocol  and 
count  filters  at  1 5-minute  intervals  and  to  extend 
the  monitoring  time  to  90  minutes.  The  radio- 
activity counts  at  each  interval  were  corrected  for 
decay  and  are  expressed  as  a  percentage  of  the  in- 
itial nebulizer  charge  (inhaled  mass%,  the  per- 
centage of  the  nebulizer  charge  delivered  to  the  fil- 
ter). This  quantity  of  radioactivity  represents  the 
mass  of  a  drug  placed  in  the  nebulizer  that  would 
have  been  inhaled  by  a  patient.21  On  three  of  the 
four  ventilators,  the  length  of  time  required  for 
each  nebulizer  to  run  to  dryness  was  also  de- 
termined. As  noted  above,  one  ventilator  was  run 
tor  90  minutes  and  then  stopped. 

In  contrast  to  the  other  three  ventilators,  the 
Hamilton  uses  a  monitoring  pneumotachograph  sit- 
uated between  the  ventilator  Y-piece  and  the  ETT 
connector.  Because  the  aerosol  may  impact  on  the 
pneumotachograph,  we  measured  the  radioactivity 
deposited  on  the  pneumotachograph  by  placing  it 
in  the  radioisotope  calibrator. 


Aerosol  Delivery  Measurement 


Results 


For  each  test  run,  a  randomly  chosen  nebulizer, 
from  the  group  previously  tested,  was  charged  with 
3  mL  of  radiolabeled  (technetium  pertechnetate, 
99mTc)  normal  saline  and  then  placed  in  a  radio- 
isotope calibrator  to  measure  its  radioactivity  level. 


Figure  3  demonstrates  a  typical  flowrate  tracing 
for  each  nebulizer-ventilator  combination.  We  ob- 
served that  flow  is  not  always  constant  (ie,  a  square 
wave)  during  the  period  of  time  that  the  nebulizer 
is  being  powered  by  the  ventilator.  Typically,  most 


Fig.  3.  Typical  flow  tracings  for  each 
nebulizer-ventilator  combination.  The 
Airlife  nebulizer  is  depicted  in  the  upper 
panel  and  the  Hudson  in  the  lower  pan- 
el. The  flow  was  measured  at  the  pla- 
teau portion  of  each  tracing  immedi- 
ately prior  to  the  commencement  of  the 
expiratory  phase  (the  second  flow  tran- 
sient). The  time  scale  for  the  Hamilton 
tracings  is  one  half  that  of  the  others; 
the  flowrate  scale  is  the  same  for  all 
tracings. 
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tracings  begin  with  a  transient  followed  by  a  rel- 
atively constant  flow  before  the  nebulizer  shuts  off 
at  the  end  of  inspiration.  The  Infrasonics  tracings 
show  oscillatory  waves  caused  by  the  compressor 
pump  in  the  ventilator.  Flowrates  reported  in  this 
paper  were  measured  on  these  plateaus  just  before 
expiration.  Table  3  shows  the  measured  pressure 
and  flow  data  for  each  ventilator-nebulizer  com- 
bination, as  well  as  the  length  of  time  required  for 
each  nebulizer  to  run  dry  while  on  the  ventilator 
and  the  inhaled  mass%. 

The  Hamilton  ventilator  generated  3.5  psig  [24.1 
kPa]  of  pressure  in  the  nebulizer-drive  tubing  with 
both  nebulizers,  whereas  the  other  ventilators  gen- 
erated considerably  greater  pressure  ranging  from 
8.5  to  14.7  psig  [58.6  to  101.3  kPa].  The  Hamilton 
ventilator  also  had  the  lowest  flowrates  through  the 
nebulizer:  2.92  and  3.33  L/min  (Airlife  and  Hud- 
son, respectively),  whereas  the  other  ventilators 
had  flowrates  ranging  from  4.58  to  6.25  L/min.  All 
ventilators  except  the  Hamilton  were  able  to  run 
the  nebulizers  to  dryness  within  20  to  40  minutes. 
In  the  Hamilton  test  runs,  the  experiments  were 
stopped  at  90  minutes  even  though  the  nebulizers 
were  not  yet  dry. 

In  Figure  4,  the  cumulative  output  of  the  neb- 
ulizers on  each  ventilator  is  plotted  against  time. 
These  output  curves  are  used  to  characterize  the  ef- 
ficiency of  each  nebulizer.21  Generally,  a  curve  that 


rises  more  steeply  or  to  a  greater  extent  than  an- 
other represents  a  more  efficient  nebulizer  system. 
Nebulizer  performance,  expressed  as  inhaled 
mass%  over  time,  was  lowest  on  the  Hamilton  as 
indicated  by  the  slopes  of  the  output  curves  in  Fig- 
ure 4.  The  other  ventilators  performed  with  much 
greater  efficiencies,  with  little  difference  between 
brands. 

Finally,  the  amount  of  radioactivity  deposited  on 
the  Hamilton  respiratory  monitoring  pneumotacho- 
graph was  0.6%  of  the  initial  nebulizer  charge  for 
the  Airlife  nebulizer  and  0.7%  of  that  for  the  Hud- 
son. 

Discussion 

This  study  demonstrates  that  aerosol  delivery 
from  small-volume  jet  medication  nebulizers  can 
be  significantly  affected  by  the  choice  of  ventilator. 
One  of  the  four  commercially  available  ventilators 
studied  delivered  less  than  one  third  the  dose  de- 
livered by  the  other  three  and  required  almost  three 
times  more  time  to  do  so.  Therefore,  in  designing  a 
protocol  to  deliver  a  nebulized  drug,  the  choice  of 
ventilator  is  yet  another  variable  that  must  be  taken 
into  account  together  with  previously  identified 
variables  such  as  choice  of  nebulizer  device,  use  of 
humidification,  ventilator  settings,  treatment  time 
and  volume  fill,  and  the  drug  formulation  (suspen- 
sion or  solution). 


Table  3.    Measured  Pressure.  Flowrate.  Duration  of  Nebulization,  and  Nebulizer  Performance  (Inhaled  Mass7r *)  in  Two  Brands  of  Jet 
Medication  Nebulizer  with  Four  Mechanical  Ventilators 


Duration  of 

Pressure 

Flowrate 

Nebulization 

Inhaled 

Ventilator 

Nebulizer 

(psig(kPal) 

(L/min) 

(mini 

Mass<7r 

Hamilton  Veolar 


Infrasonics  Adult  Star 


Puritan-Bennett  7200ae 


Airlife 

8.5  [58.6] 

5.41 

Hudson 

8.6  [59.3] 

4.58 

Airlife 

3.5  [24.1] 

3.33 

Hudson 

3.5(24.1] 

2.92 

Airlife 

12.6    [86.9] 

6.25 

Hudson 

14.7  [101.3] 

5.00 

Airlife 

9.8  [67.61 

5.83 

Hudson 

9.8  [67.6] 

4.91 

25 

12.2 

40 

14.7 

90 

3.6 

90 

3.2 

20 

9.6 

30 

14.3 

30 

14.5 

35 

12.4 

*The  accumulated  radioactivity  deposited  on  the  inspiratory  filter  at  the  end  of  the  experiment  (duration  of  nebulization)  is  called  inhaled  mass' ,  and  is 
expressed  as  a  percentage  of  the  initial  charge  ol  radioactivity  in  the  nehulizer.:l 
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■  Puritan-Bennett 

•  Bear 

A  Inlrasonics 

□  Hamilton 


Duration  of  Nebulization  (min) 


Puritan  Bennett 
Boar 

Inlrasonics 
Hamilton 


Duration  of  Nebulization  (min) 


Fig.  4.  Inhaled  mass%  (%  of  initial  nebulizer  charge)  over 
time  measured  at  the  distal  end  of  the  ETT  (upper  panel 
=  Airlife  nebulizer;  lower  panel  =  Hudson  nebulizer). 
Measurements  of  radioactivity  were  made  at  5-minute  in- 
tervals for  all  ventilators  except  the  Hamilton,  which  was 
measured  at  1 5-minute  intervals.  Nebulization  to  dryness 
is  indicated  by  the  development  of  a  plateau. 

The  most  likely  explanation  for  the  differences 
in  aerosol  delivery  between  the  Hamilton  ventilator 
and  the  other  three  ventilators  is  that  the  pressure 
generated  in  its  nebulizer-drive  line  is  considerably 
less  than  that  of  the  other  ventilators:  3.5  psig  [24 
kPa]  compared  to  8.5  to  14.7  psig  [58  to  101  kPa] 
for  the  other  three  brands.  However,  for  the  other 
ventilators,  the  fact  that  an  almost  twofold  increase 
in  pressure  (8.5  to  14.7  psig)  seems  to  have  re- 
sulted in  little  change  in  aerosol  delivery  suggests 
that,  for  the  nebulizers  used  in  this  study,  the  mini- 
mal driving  pressure  required  for  efficient  neb- 


ulization is  >  3.5  psig  and  <  8.5  psig.  At  some  point 
below  8.5  psig,  nebulization  probably  decreases 
markedly,  but  above  this  pressure  there  is  little 
change  in  nebulizer  flow  or  efficiency.  This  would 
be  consistent  with  the  phenomenon  of  orifice  flow 
that  is  believed  to  operate  in  jet  nebulizer  devices. 
To  create  airborne  particles,  gas  must  be  supplied 
to  the  nebulizer  jet  orifice  at  sufficiently  high  pres- 
sure in  order  to  entrain  liquid  from  the  reservoir.  In 
an  orifice,  once  the  threshold  driving  pressure  is 
reached,  flow  becomes  independent  of  driving 
pressure.  One  should  not  assume  that  the  minimal 
driving  pressure  for  effective  nebulization  is  equal 
for  all  nebulizers,  although  the  differences  in  neb- 
ulizer driving  pressure  generated  by  the  7200ae, 
Adult  Star,  and  BEAR  I ()()()  did  not  appear  to  be  im- 
portant for  the  two  nebulizers  chosen  for  our  study. 
For  other  nebulizers,  these  differences  may  be  im- 
portant and  should  be  accounted  for  in  the  design 
of  a  specific  aerosol  delivery  research  protocol. 

The  present  study  does  not  necessarily  describe 
all  conceivable  combinations  of  nebulizer  and  ven- 
tilator function  or  potential  ventilator  settings. 
Ideally,  the  entire  aerosol  delivery  system  (ven- 
tilator, tubing,  and  nebulizer  containing  the  specific 
agent  under  study)  should  be  characterized  on  the 
bench  in  advance  of  clinical  studies.  In  contrast  to 
the  other  ventilators,  the  Hamilton  Veolar  circuit 
includes  a  plastic  variable-orifice  pneumotacho- 
graph placed  between  the  Y-piece  and  the  ETT 
connector  that  is  used  for  inspiratory  and  ex- 
piratory gas  monitoring.  We  measured  the  aerosol 
deposition  at  this  site  (0.6%  for  Airlife  and  0.7% 
for  Hudson)  and  found  that  it  was  not  an  important 
barrier  to  aerosol  delivery.  Hence,  other  methods  of 
delivery  of  aerosol  drugs  might  be  expected  to 
function  well  in  this  ventilator.  The  effectiveness  of 
MDI  and  holding  chamber  devices  has  been  pre- 
viously demonstrated  in  other  ventilators.  Because 
these  devices  do  not  require  ventilator-generated 
driving  pressures  for  aerosolization.  we  postulate 
that  they  might  function  as  well  with  the  Hamilton 
ventilator  as  with  other  ventilators  but  warn  that  no 
conclusions  should  be  drawn  without  further  study. 
For  drugs  that  are  not  available  in  MDI  formula- 
tion, jet  nebulization  could  be  attempted  using  an 
external  gas  source  to  power  the  nebulized  (eg, 
standard  hospital  wall  air  or  oxygen  supply  at  pres- 
sure up  to  50  psig  [345  kPa]).  However,  nebulizer 
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performance  remains  untested,  and  this  procedure 
has  the  untoward  effect  of  altering  the  Fio:  and  the 
delivered  tidal  volume,  and  possibly  interfering 
with  respiratory  monitoring  devices.  Another  al- 
ternative might  be  to  use  ultrasonic  nebulization  in 
the  manner  described  by  O'Doherty  et  al." 

Modern  ventilators  provide  driving  pressure  to 
the  medication  nebulizer  only  during  the  in- 
spiratory phase  as  long  as  inspiratory  flowrate  to 
the  patient  remains  at  or  above  a  particular  thresh- 
old (Table  1 ).  The  four  ventilators  studied  here 
have  a  nebulizer  ON/OFF  control  that  sets  the  dura- 
tion of  nebulization  for  a  fixed  time  ( 15  minutes  for 
the  Hamilton  and  30  minutes  for  the  other  three 
ventilators).  The  rationale  behind  the  automatic 
nebulizer  shut-off  control  is  to  avoid  nebulization 
of  potentially  contaminated  ventilator  circuit  con- 
densate if  the  operator  inadvertently  fails  to  shut 
off  the  nebulizer  at  the  end  of  the  treatment.  Our 
previous  study"  demonstrated  that  nebulizers  al- 
lowed to  run  intermittently,  during  inspiration  only, 
take  longer  to  run  to  dryness  than  continuously  run 
nebulizers  and  that  the  time  to  dryness  is  affected 
by  the  choice  of  nebulizer,  the  volume  fill,  and  the 
duty  cycle.  However,  continuous  nebulization  does 
not  necessarily  guarantee  better  aerosol  delivery,  as 
demonstrated  by  Hughes  and  Saez.::  For  the  neb- 
ulizers in  this  study  at  our  chosen  volume  fill  and 
ventilator  settings,  30  minutes  was  adequate  for 
three  of  the  four  ventilators.  Nevertheless,  this  time 
might  not  have  been  adequate  if  we  had  chosen  a 
nebulizer  that  is  known  to  have  reduced  output- 
time  characteristics  (eg,  Respirgard  ID."  :|  or  if  we 
had  used  a  larger  volume  of  solution.  With  the 
Hamilton  ventilator,  15  minutes  is  clearly  too  short 
a  duration  for  intermittent  nebulization.  To  achieve 
the  same  output  in  the  clinical  setting  with  the 
Hamilton  ventilator  that  we  achieved  on  the  bench 
would  have  required  the  operator  to  return  to  the 
patient's  bedside  five  more  times  to  reset  the  neb- 
ulizer ON/OFF  control. 

The  methods  by  which  the  various  ventilators 
provide  driving  pressure  to  the  nebulizer  are  im- 
portant in  assessing  nebulizer  function.  The  BEAR  2, 
which  performed  very  well  in  our  previous  study," 
utilizes  an  electrically  operated  compressor  pump 
that  shunts  blended  breathing  gas  from  the  venti- 
lator's pneumatic  system  into  the  nebulizer-drive 
line.  The  pump  assures  adequate  driving  pressure. 


The  Infrasonics  Adult  Star  has  a  system  similar  to 
the  BEAR  2,  utilizing  a  compressor  pump  that  routes 
blended  gas  from  its  high  pressure  accumulator  to 
the  nebulizer.  The  BEAR  1000  and  the  Hamilton  Ve- 
olar  operate  similarly  in  that  the  blended  gas  that  is 
directed  to  the  nebulizer  originates  in  a  pressurized 
accumulator  tank.  A  solenoid  valve  attached  to  the 
tank  opens  during  the  inspiratory  phase  to  supply 
gas  to  the  nebulizer.  The  major  difference  between 
the  BEAR  1000  and  the  Hamilton  Veolar  is  that  the 
BEAR's  accumulator  tank  is  maintained  at  18  psig 
[  1 24  kPa]  and  a  regulator  drops  the  pressure  to  the 
nebulizer  to  10  psig  [69  kPa],  whereas  the  Ham- 
ilton provides  its  nebulizer  with  direct  tank  pres- 
sure at  5  psig  [34  kPa].  We  postulate  that,  because 
the  tank  is  also  supplying  the  main  flow  of  breath- 
ing gas  during  the  inspiratory  phase,  pressure  to  the 
nebulizer-drive  line  falls  below  5  psig  [34  kPa]  dur- 
ing most  of  the  inspiratory  phase.  The  Puritan- 
Bennett  7200ae  is  the  most  complex  system.  It  di- 
verts either  air  or  100%  oxygen  from  its  inlet  gas 
sources  to  the  nebulizer-drive  line  after  first  re- 
ducing the  pressure  to  its  working  level  of  10  psig 
[69  kPa],  Depending  upon  the  set  F102.  tne  7200ae 
ventilator  microprocessor  makes  offsetting  changes 
in  the  ratio  of  the  proportional  air  and  oxygen  so- 
lenoid valves  that  supply  patient  breathing  gas  in 
order  to  compensate  for  the  21%  or  100%  oxygen 
entering  the  ventilator  circuit  through  the  nebulizer. 
As  a  consequence  of  the  different  methods  of  pro- 
viding pressurized  gas  to  the  nebulizer  during  the 
inspiratory  phase,  slightly  different  nebulizer  out- 
put flowrates  and  flow  patterns  are  produced;  sam- 
ples of  these  are  demonstrated  in  Figure  3.  We  do 
not  believe  that  the  flow  patterns  were  as  important 
in  this  study  as  the  actual  driving  pressure  and  av- 
erage flowrate,  but  How  patterns  could  conceivably 
be  significant  under  different  circumstances. 

Conclusion 

We  conclude  that  the  choice  of  mechanical  ven- 
tilator has  a  potentially  important  influence  on  the 
efficiency  of  jet  nebulization.  These  differences  are 
most  likely  due  to  variations  in  the  pressure  gener- 
ated in  the  nebulizer-drive  line  and  that,  for  a  par- 
ticular jet  nebulizer,  a  minimum  driving  pressure  is 
necessary  for  effective  nebulization.  Therefore,  in 
designing  a  protocol  to  deliver  a  nebulized  drug  to 
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a  ventilated  patient,  the  choice  of  ventilator  must 
also  be  taken  into  account  along  with  previously 
identified  variables  that  include  choice  of  nebulizer 
and  the  effects  of  a  heated  humidifier  in  the  circuit. 


PRODUCT  SOURCES 

Nebulizers: 

Airlife  Misty-Neb  Nebulizer,  Cat  No.  002034,  Baxter 
Healthcare  Corp,  Pharmaseal  Division.  Valencia  CA 

Hudson  RCI  Neb-U-Mist  Nebulizer,  Cat  No.  1734.  Hudson 
Respiratory  Care  Inc.  Temecula  CA 

Respirgard  II,  Marquest  Medical  Products,  Englewood  CO 

Ventilators: 

7200ae,  Puritan-Bennett  Corporation,  Carlsbad  CA 
Adult  Star,  Infrasonics  Inc.  San  Diego  CA 
BEAR  2,  BEAR  1000,  Bear  Medical  Systems,  Riverside  CA 
Servo  900C,  Siemens  Medical  Systems,  Piscataway  NJ 
Veolar,  Hamilton  Medical  Systems,  Reno  NV 

Other  Supplies: 

Radioisotope  calibrator,  CRC-10R,  Capintec,  Montvale  NJ 
Polygraph.  Model  P7,  Grass  Medical  Instruments,  Quincy 

MA 
Fleisch  pneumotachograph,  Fleisch,  Switzerland 
Differential  pressure  transducer,  Setra  Systems,  Natick  MA 
Stead-Wells  spirometer,  Warren  E  Collins  Inc.  Braintree 

MA 
Pressure  gauge  (0  to  15  psig)  in  Checkmate.  Bear  Medical 

Systems.  Riverside  CA 
VT-1   Adult  Ventilator  Tester,  Bio-Tek  Instruments,  Wi- 

nooski  VT 
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A  Mathematical  Method  for  Predicting  the  Expiratory  Time 
Necessary  To  Achieve  a  Desired  Intrinsic  PEEP  Level 

Michael  R  Jones  RRT,  Paul  B  Blanch  BA  RRT,  and  John  R  Rimes  RRT 

BACKGROUND:  Intrinsic  PEEP  (PEEPi)  is  frequently  present  during  mechan- 
ical ventilation  when  expiratory  times  (tc.)  are  short.  Some  authors  have  begun  to 
describe  PEEPj  as  a  potentially  therapeutic  mechanism  to  be  manipulated  during 
pressure-controlled  inverse  ratio  ventilation  (PCIRV)  much  like  ventilator- 
applied  PEEP  (PEEPa,)pi).  Other  clinicians  warn  against  PEEP]  because  of  its  po- 
tential side  effects.  Efforts  to  limit  PEEP]  or  to  apply  it  therapeutically  have  been 
hindered  by  the  complications  associated  with  the  many  ventilator  adjustments 
required  to  effect  a  desired  change  in  PEEP].  STUDY  QUESTION:  Does  Equa- 
tion 12  allow  adequate  prediction  of  the  te  necessary  to  achieve  a  desired  PEEPi 
once  an  initial  PEEPi  has  been  measured? 

PEEP,  =  PEEP,,,,  -  PEEPappi. 

METHOD:  Using  the  exponential  relationship  between  pressure  and  time  during 
lung  deflation,  we  developed  a  single,  composite-function,  logarithmic  equation  to 
predict  the  U  necessary  to  achieve  a  desired  PEEPi  after  the  initial  level  of  PEEPi 
has  been  measured. 

PEEP,    =   (Ppiat- PEEPappi)  «    W- 


te   = 


•el  initial  I 


PEEP,, 


plan  initial ) 


PEEP 


appl 


PEEP,, 


To  test  Equation  12  we  used  a  test  lung  attached  to  a  mechanical  ventilator  and 
recording  pressure  monitor  attached  to  the  alveolar  port  of  the  test  lung.  We  used 
the  pressure  recordings  to  measure  and  set  te.  Two  series  of  measurements  were 
taken.  RESULTS:  In  both  series,  the  limits  of  agreement  between  the  measured 
PEEPi  and  the  predicted  PEEPi  were  determined.  The  predicted  value  for  PEEPi 
demonstrated  only  a  slight  bias,  underestimating  measured  (or  actual)  PEEPi  by 
0.79  (Series  1)  and  0.39  (Series  2).  IN  CONCLUSION:  In  the  laboratory,  this 
technique  appears  to  work  well.  More  work  is  required  to  validate  the  equations 
with  different  ventilators  and  on  various  groups  of  patients.  [Respir  Care  1993;38 
(8):896-905.] 
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Background 

As  a  rule,  clinicians  responsible  for  managing 
mechanical  ventilators  attempt  to  allow  adequate 
time  for  complete  exhalation.  This  is  achieved  pri- 
marily by  adjusting  the  mechanical  ventilator  so 
that  the  inspiratory-to-expiratory-time  ratio  (I:E)  is 
1:2  or  less.  Nevertheless,  under  some  circum- 
stances, even  an  appropriate  I:E  does  not  ensure 
complete  exhalation  by  the  onset  of  the  next  me- 
chanical  inflation.   When  exhalation  is  not  com- 
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plete.  some  portion  of  the  previous  tidal  volume 
(VT)  remains  in  the  lungs  as  the  next  breath  begins. 
Originally,  this  phenomenon  was  referred  to  as  "in- 
trapulmonary  gas-trapping,"1  and  is  more  common 
than  generally  recognized,  particularly  during  as- 
sist/control ventilation.2  Curiously,  this  particular 
terminology  did  not  seem  to  'catch  on."  possibly 
because  the  elastic  nature  of  the  lung  parenchyma 
implies  that  when  any  specific  volume  of  gas 
(above  functional  residual  capacity,  FRC)  is 
trapped  at  the  alveolar  level,  it  will  generate  a 
quantifiable  elastic  recoil  pressure  at  end- 
exhalation.  This  effect  is  similar  in  many  ways  to 
positive  end-expiratory  pressure  (PEEP)  produced 
by  the  threshold  resistor  located  at  the  end  of  the 
expiratory  limb  of  the  breathing  circuit  of  most  me- 
chanical ventilators.  In  fact,  its  similarity  to  PEEP 
has  evoked  a  variety  of  terms  that  may  better  de- 
scribe the  phenomenon:  inadvertent  PEEP,3  auto- 
PEEP,246  intrinsic  PEEP,"  "  and  occult-PEEP.12 
The  use  of  so  many  terms  to  describe  the  same  oc- 
currence has  lead  to  a  certain  amount  of  confusion. 
However,  many  authors37""  seem  to  favor  intrinsic 
PEEP  (PEEP,);  so,  we  will  use  that  term.  Although 
many  authors  cite  the  need  for  careful  monitoring 
of  PEEPl52'3'7'8-12-13  it  is  neither  readily  detectable  (it 
must  be  specifically  looked  for)  nor  is  it  easily 
quantified. 

The  pathophysiologic  conditions  predisposing  to 
PEEP,  provide  the  potential  for  yet  another  source 
of  confusion.  Although  there  is  a  long  list  of  specif- 
ic circumstances  likely  to  produce  PEEP,,  most  of 
these  fall  into  one  of  two  separate  categories:  ( 1 ) 
situations  where  the  allotted  expiratory  interval  is 
insufficient  for  complete  exhalation,  or  (2)  patients 
presenting  with  premature  airway  collapse  (airflow 
limitation).  The  distinction  is  crucial.  The  best 
strategy  for  managing  airflow  limitation  may  be  to 
adjust  the  ventilator  applied  PEEP  (PEEP.iprl)  to  a 
level  equal  to  the  measured  PEEP,.14  If.  however, 
this  same  approach  is  employed  in  situations  where 
exhalation  is  simply  incomplete,  little  or  no  re- 
duction in  PEEP,  is  likely  and  the  level  of  gas  trap- 
ping may.  in  fact,  actually  increase.'" 

Initially,  most  authors  warned  clinicians  to  avoid 
PEEP,  because  of  its  potential  for  producing  harm- 
ful side  effects:  reduced  cardiac  output,12  elevated 
end-expiratory  pulmonary  artery  wedge  pressure.12 
increased  work  of  breathing,4,7,916  and  an  increased 


risk  of  pulmonary  barotrauma.4,13  Despite  such  ca- 
veats, other  authors  have  either  implied  or  directly 
reported  that  PEEP,  may  under  some  circum- 
stances, offer  a  therapeutic  advantage  when  sub- 
stituted for  conventional  PEEPapp|.3,10,17  Unfor- 
tunately, efforts  to  employ  (or  limit)  PEEP,  have 
been  hindered  by  several  factors:  PEEP,  can  be  ex- 
tremely difficult  to  quantify  (depending  upon  the 
type  of  ventilator  in  use),  and  without  an  appropri- 
ate mathematical  model  it  is  nearly  impossible  to 
predict  a  priori  the  precise  expiratory  time  (te)  re- 
quired to  achieve  any  specific  level  of  PEEP,. 

Under  most  conditions,  the  relationship  between 
PEEP,  and  tc  is  exponential,  which  means  that  the  tc 
required  to  produce  any  specific  or  desired  PEEP, 
cannot  be  predicted  with  linear  equations  or  simple 
arithmetic  ratios.  To  facilitate  control  and  evalua- 
tion of  PEEP,,  we  derived  several  mathematical  ex- 
pressions, all  based  on  the  single-compartment 
model  of  the  lung.  Without  these  equations  (or  a 
great  deal  of  luck),  multiple  ventilator  adjustments, 
each  with  a  concomitant  PEEP,  measurement,  are 
required  before  one  eventually  reaches  the  desired 
level  of  PEEP,. 

Methods 

Mathematical  Modeling 

The  single-compartment  mathematical  model  of 
the  lung  assumes  a  single  resistance  and  com- 
pliance. Of  course,  this  is  not  the  actual  condition 
because  the  respiratory  system  has  many  re- 
sistances and  compliances  in  parallel  and  in  series. 
In  other  words,  the  respiratory  system  is  multi- 
compartmental.  In  health,  resistance  and  com- 
pliance values  for  the  various  lung  units  are  nearly 
identical,  and  when  'lumped'  (averaged  and  repre- 
sented by  one  value),  these  parameters  accurately 
reflect  overall  lung  behavior.  In  disease,  however, 
compliance  and  resistance  values  of  individual 
units  may  vary  widely.  Because  PEEP,  most  often 
occurs  in  or  is  applied  to  patients  with  diseased 
lungs,  an  important  question  is.  Can  a  single- 
compartment  model  be  used  to  estimate  the  be- 
havior of  the  respiratory  system  as  a  whole.'  Be- 
cause much  of  our  understanding  of  pulmonar) 
physiology  is  based  on  mathematical  models  that 
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were  initially  applied  to  electrical  circuits,18  we 
should  look  for  answers  to  this  question  in  the  do- 
main of  the  electrical  engineer. 

In  electrical  circuit  analysis,  branching  networks 
of  resistors  and  capacitors  of  any  value,  in  series 
and  in  parallel,  can  be  reduced  to  a  single  com- 
posite resistance  and  a  single  composite  ca- 
pacitance (the  electrical  equivalent  of  com- 
pliance).19 This  is  done  by  gradually  reducing  the 
network,  combining  two  resistors  or  capacitors  into 
one  according  to  the  rules  for  combining  each.  This 
collapsing  of  multiple  values  to  a  single,  aggregate 
network  value  allows  engineers  to  predict  the  be- 
havior of  the  system  as  a  whole  but  not  the  be- 
havior of  an  isolated  part  of  the  network.  This  mod- 
el should  parallel  the  behavior  of  the  respiratory 
system  (the  branching  network)  with  multiple  re- 
sistances and  compliances.  The  overall  behavior  of 
the  respiratory  system  approximates  the  lumped  pa- 
rameters, but  the  behavior  of  specific  regions  of  the 
lung  is  still  a  function  of  the  specific  resistances 
and  compliances  in  that  region.  Thus,  as  we  shall 
see,  levels  of  PEEP,  may  be  quite  different  in  spe- 
cific regions  of  the  lung  at  end-exhalation. 

Caution  is  advised  in  situations  where  airflow 
limitation  exists.  Under  these  conditions,  the  sin- 
gle-chamber lung  model  does  not  represent  the  be- 
havior of  the  respiratory  system  closely  enough  to 
permit  its  use.  Nevertheless,  this  model's  ability  to 
predict  global  expiratory  dynamics  in  diseases  that 
produce  heterogeneous  injury  has  been  verified  in 
at  least  one  animal  study.20  Except  for  variations 
produced  by  the  exhalation  valve  (discussed  later), 
we  believe  that  under  most  circumstances  ex- 
piratory flows  and  pressures  are  adequately  de- 
scribed by  the  single-chamber  lung  model. 

If  a  practitioner  adjusts  a  mechanical  ventilator 
to  generate  PEEPappi  and  then  progressively  short- 
ens te,  at  some  point  PEEP,  and  PEEPiipp,  coexist. 
These  two  end-expiratory  pressures  are  additive, 
and  when  taken  together  form  the  total  alveolar 
end-expiratory  pressure  or  total  PEEP  (PEEP,,,,). 

PEEP,,,,  =  PEEP,  +  PEEPappi.  1 1 1 

If  PEEP101  is  known,  it  is  a  simple  matter  to  re- 
arrange the  equation  to  solve  for  PEEP,: 

PEEP,  =  PEEP,,,,  -  PEEP.,,,,,.  1 2  ] 


There  is,  in  addition,  a  relationship  between  time 
and  pressure  at  the  alveolar  level  during  exhalation. 
For  example,  when  an  alveolus  deflates  passively 
from  peak  inflation  pressure,  the  pressure  drops  ex- 
ponentially, eventually  approaching  the  baseline 
pressure  (Fig.  1).  If  the  ventilator  subsequently  de- 


Time  (s) 


Fig.  1.  Graphic  representation  of  the  cyclic  change  in  al- 
veolar pressure  in  the  mathematical  model,  during 
pressure-controlled  ventilation  (PCV)  with  an  l:E  of  1:1 
(PEEPappi  and  PEEP,  each  =  0,  and  t,  and  te  are  each 
equal  to  5  t).  The  exponential  rise  in  pressure  during  in- 
halation is  characteristic  of  PCV.  The  exponential  decay 
during  passive  exhalation  is  the  same  regardless  of  the 
mode.  Alveolar  pressure  (PA)  during  inspiration  is  char- 
acterized by 


Pa  =  APn 


1-e 


Pa  during  exhalation  is  determined  by  Equation  3  (see 
text). 

livers  PEEPapp,  to  the  airway,  baseline  alveolar 
pressure  is  elevated  by  the  same  amount  (Fig.  2).  It 
should  be  noted  that  the  application  of  PEEPapp,  has 
not  altered  the  shape  of  the  curve  but  has  simply 
displaced  it  vertically  (Figs.  1  &  2).  By  shortening 
tg,  alveolar  pressure-decay  can  be  interrupted  pre- 


Time  (s) 

Fig.  2.  Alveolar  pressure  during  PCV  with  an  l:E  of  1:1 
and  ti  and  te  each  equal  to  5  t  as  in  Figure  1  except  for 
the  addition  of  5  cm  H20  PEEPappi.  Note  that  the  wave- 
form is  identical  except  for  vertical  displacement. 
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Fig.  3.  Alveolar  pressure  changes  during  PCIRV.  After 
the  first  complete  breath,  te  is  shortened  enough  (by  solv- 
ing Equation  12)  to  produce  a  PEEP,  equal  to  5  cm  H20. 
Baseline  pressure  is  already  elevated  by  a  PEEPappi  of  5 
cm  H20,  so  the  PEEP,0,  is  10.  Peak  alveolar  pressure  is 
increased  by  5  cm  H20  to  maintain  the  same  VT. 

maturely  to  produce  PEEP,  (Fig.  3).  From  this 
point,  if  te  is  further  shortened,  the  pressure-decay 
curve  is  intercepted  at  an  earlier  point,  thus  pro- 
ducing a  higher  PEEP,. 

If  a  single-chamber  lung  model  is  used  to  de- 
scribe pulmonary  mechanics,  total  alveolar  pres- 
sure (PA)  at  any  time  during  exhalation  can  be 
mathematically  defined  by 


Pa  =  AP 


+   PEEP. 


ppl' 


[3] 


where  AP  is  the  peak  alveolar  pressure  minus  PEEPwi, 
R  is  total  expiratory  resistance,  C  is  the  static  com- 
pliance of  the  respiratory  system,  and  e  is  the  base  of  the 
natural  logarithm  (approx.  2.72). 

By  substitution  of  terms.  Equation  4  is  derived  and 
can  be  used  to  mathematically  determine  the  PEEP, 
that  results  from  any  specific  tc: 


PEEP, 


(Pp,al-PEEPapp|)  e~*c, 


[4] 


where  Pp|a,  represents  the  end-inspiratory  PA  and  is  ob- 
tained by  performing  a  static  compliance  measurement. 

However,  for  precise  calculations,  correction21 
of  the  static  Pplat  measurement  should  be  considered 
because  this  technique  (particularly  during  inter- 
mittent mechanical  ventilation,  IMV,  or  continuous 
mechanical  ventilation.  CMV)  overestimates  the 
actual  end-inspiratory  alveolar  pressure.  Inter- 
estingly, during  PCIRV  (pressure-controlled  in- 
verse ratio  ventilation),  PpIal  equals  end-inspiratory 
alveolar  pressure  as  well  as  equaling  the  peak  pres- 
sure measured  at  the  proximal  airway  if  the  in- 


spiratory   time    is   adequate    for   complete   equil- 
ibration between  airway  and  alveolar  pressures. 

By  algebraically  rearranging  Equation  4,  we  can 
solve  for  or  predict  the  te  required  for  any  desired 
PEEP,. 


PEEP,    =    (Pp|at- PEEP^) 


PEEP, 


( Pplat -PEEPapp,) 


[4] 


[5] 


To  make  the  exponent  positive,  each  side  of  the 
equation  is  raised  to  the  -1  power. 


PEEP, 


(Pplat-  PEEPappi) 


=    {'~K) 


£    =     (Pp,a,- PEEPappi) 

PEEP, 


16] 

[7] 


Now  that  the  exponent  is  positive  and  the  equation 
is  rearranged,  natural  logarithms  (In)  are  taken. 


te 
RC 


'(Pplat -PEEPappi)' 

PEEP, 


[8] 


Both  sides  of  the  equation  are  multiplied  by  (RC)  to 
isolate  te  (the  dependent  variable)  to  the  left  side  of 
the  equation. 


HPplat-PEEPapp,,- 
I  PEEP, 


[9] 


The  equation  is  now  in  the  proper  form  to  derive 
a  predicted  tc  for  any  specific  PEEP,  (assuming,  of 
course,  that  the  other  variables  are  known).  Static 
or  effective  compliance  is  easily  acquired  and  rou- 
tinely calculated  during  patient  care.  However,  in 
most  cases.  R  (total  expiratory  resistance)  is  not 
known.  Total  inspiratory  resistance  and  expiratory 
resistance  are  generally  not  equal,  with  the  ex- 
piratory resistance  sometimes  totaling  several  times 
the  magnitude  of  the  inspiratory  resistance.18  Al- 
though the  measurement  of  inspiratory  resistance  is 
a  simple  task  (assuming  that  the  mechanical  ven- 
tilator can  provide  a  square-wave  inspiratory  flow 
pattern),  the  direct  measurement  of  total  expiratory 
resistance  is  more  complicated.  Most  techniques  re- 
quire use  of  either  a  graphic  or  mathematical  analy- 
sis  of  flow,   pressure,   and   volume   curves.    Al- 
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ternatively,  by  rearranging  Equation  9,  Equation  10 
can  be  used  to  calculate  expiratory  resistance  if  an 
initial  level  of  PEEP  exists. 


VT  =  <PA-PEEPtol)  C. 


R 


plal 


PEEP; 


appM   q 


PEEP, 


[10] 


Once  R  and  C  are  known,  it  is  possible  to  insert 
those  values  into  Equation  9  and  solve  for  the  te 
necessary  to  achieve  any  other  level  of  PEEP[  (ex- 
cept zero,  as  we  shall  see  later). 


Procedure 

Example.  An  initial  level  of  8  cm  of  PEEP]  is  mea- 
sured at  a  te  of  1.1  seconds.  Measured  static  com- 
pliance is  0.050  L/cm  H20.  Pplal  is  30  and  PEEPappl 
is  5  cm  H20.  What  te  is  necessary  to  reduce  PEEP, 
to  1  cm  H20? 

1.  Calculate  R  by   substituting  known  values  in 
Equation  10: 


plat 


PEER 


ppl 


PEEP, 


19.3  cm  H-.0-S-L-1. 


[10] 


0.05 


Substitute  R  and  C  in  Equation  10  and  solve  for 
a  PEEP,  of  1 .  For  the  VT  to  remain  unchanged  as 
PEEP,  is  increased  or  decreased,  the  maximum 
alveolar  pressure  must  increase  or  decrease  by 
the  same  amount  as  the  desired  change  in  PEEP,. 
This  is  because  VT  is  equal  to  the  difference  be- 
tween the  highest  alveolar  pressure  (PA)  and  the 
lowest  alveolar  pressure  (PEEPtot)  multiplied  by 
the  compliance  (C).  Stated  another  way,  if  the 
difference  between  PA  and  PEEPtot  narrows,  VT 
falls;  if  the  difference  widens,  VT  increases.  If 
the  ventilator  is  in  the  volume-controlled  mode, 
VT  is  assured,  and  peak  alveolar  pressure  chang- 
es in  concert  with  adjustments  in  PEEP],  If  the 
ventilator  is  in  one  of  the  preset-pressure  ven- 
tilatory modes  (eg,  pressure-controlled  ventila- 
tion, Ppiat  must  be  manually  adjusted  to  assure 
VT.  Equation  1 1  illustrates  the  relationship: 


[11] 


Because  we  are  reducing  PEEP,  by  7  cm  H20, 
we  reduce  Pp|a,  to  23  to  maintain  the  same  VT.  Sub- 
stituting in  Equation  9 

MPplat-PEEPapp|)' 

te   =    In   

I  PEE^ 


RC. 


[9] 


19.3  ■  0.05  =  2.79  s. 


Thus,  a  te  of  2.79  seconds  is  necessary  to  achieve  a 
PEEP,  of  1  with  the  R  and  C  values  shown  (as- 
suming passive  exhalation). 

To  eliminate  the  necessity  of  measuring  C  and 
then  calculating  R,  it  is  possible  to  solve  Equation 
9  for  initial  and  final  conditions. 


PEER 


appl 


te!  initial ) 


[12] 


PEEP„ 


plat!  initial) 


PEEP 


appl 


PEEP,, 


Validation 


To  test  Equation  12,  we  used  a  test  lung  (Mich- 
igan Instruments  TTL,  Grand  Rapids  MI)  attached 
to  a  mechanical  ventilator  (Hamilton  Veolar,  Reno 
NV).  To  record  and  measure  pressure,  we  utilized  a 
recording  pressure  monitor  (Novametrix  Pneu- 
mogard,  Wallingford  CT)  attached  to  the  alveolar 
port  of  the  test  lung.  We  also  used  the  pressure  re- 
cordings to  measure  and  appropriately  set  tc.  In  Se- 
ries 1,  we  adjusted  a  single  chamber  of  the  test  lung 
to  a  resistance  of  5  cm  H20  ■  s  •  L_1  and  compliance 
of  0.05  L/cm  H20. 

Throughout  the  experiment,  the  ventilator  was 
operated  in  the  pressure-controlled  mode  with 
PEEPappi  set  to  0  cm  H20  in  Series  1 ,  and  then  to  5 
cm  H20  in  Series  2.  In  both  series,  the  initial  te  was 
manipulated  to  produce  a  nominal  PEEP,  level.  Af- 
ter achieving  some  PEEP,,  we  measured  that  PEEP, 
with  an  end-inspiratory  hold  and  called  it  PEEPi(mjtjan. 
This  maneuver  was  not  affected  by  timing  because 
the  HOLD  button  on  the  Hamilton  Veolar  auto- 
matically synchronizes  the  hold  with  end-exhala- 
tion. At  the  same  time,  we  measured  the  te(ini,ian.  For 
the  remainder  of  the  experiment,  we  used  Equa- 
tion 12  to  calculate  the  te(neede(0  to  achieve  a  series 
of  PEEP1(desired)  levels:  7,  9,  12.  16.  18,  and  20  cm 
H20  in  Series  1,  and  1,  5,  9.  10,  and  I  1  cm  H20  in 
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Series  2.  In  each  successive  run,  the  measured 
PEEP,  and  the  te  from  the  previous  settings  were 
used  as  PEEP,,,,.^)  and  tL,lim,iai).  To  prevent  changes 
in  VT  (as  would  be  necessary  clinically),  the  pres- 
sure-control level  (the  new  PpL„)  was  increased  or 
decreased  by  the  same  increment  as  the  proposed 
change  in  PEEP,.  Clinical  application  of  Equation 
12  is  provided  in  the  Appendix. 

Results 

To  assess  the  accuracy  and  precision  of  our  pre- 
diction equation,  the  "limits  of  agreement"22  be- 
tween the  measured  or  (in  this  case)  actual  PEEP, 
and  the  desired  PEEP,  were  determined.  In  both  Se- 
ries 1  and  2,  the  desired  value  for  PEEP,  dem- 
onstrated a  slight  bias,  underestimating  measured 
(actual)  PEEP,  by  0.79  in  Series  1  and  0.39  cm 
FLO  in  Series  2  (Figs.  4  &  5).  Precision  was  ac- 
ceptable, with  95%  of  all  values  falling  within  a 
range  of  ±  1.4  for  Series  1  and  ±  2.6  cm  H20  for 
Series  2. 


'-     +  2SD 
-  -  Mean 


6         8        10       12       14       16 

Measured  PEEP,  (cm  H20) 


Fig.  4.  The  limits  of  agreement  between  the  actual  meas- 
ured PEEP,  and  PEEP^^d)  for  Series  1  (PEEPappi  =  0 
cm  H20)  reveal  a  slight  bias  (0.79  cm  H20)  and  accept- 
able precision  (+2  SD  =  1.44). 


Discussion 

The  laboratory  validation  of  Equation  12  was 
performed  on  a  single-chamber  lung  model.  Under 
these  conditions,  we  were  able  to  predict  the  te  re- 
quired to  achieve  a  desired  change  in  PEEP,  with  a 
reasonable  degree  of  certainty,  particularly  when 
PEEPupp|  was  absent.  Several  factors,  contributing 
either  individually  or  together,  may  be  responsible 


10     11      12     13 


Measured  PEEP,  (cm  H20) 


Fig.  5.  The  limits  of  agreement  between  the  actual  meas- 
ured PEEP,  and  PEEP,,,,,..,,,,.,,  for  Series  2  (PEEPappi  =  5 
cm  H20)  reveal  less  bias  than  Series  1  (0.39  cm  H20) 
and  acceptable  precision  (+2  SD  =  2.64  cm  H20). 

for  some  or  all  of  the  observed  bias,  lack  of  pre- 
cision, and  the  wider  scatter  of  datapoints  in  Series 
2.  First,  the  change  in  volume  that  occurred  in  the 
test  lung  with  the  addition  of  PEEPapp,  may  have  al- 
tered the  compliance  curve  slightly.  Because 
Hooke's  Law  governs  the  elastic  recoil  of  the 
springs  on  the  test  lung,  and  the  change  in  volume 
was  modest  (approximately  +100  mL  in  Series  2), 
it  is  unlikely  that  this  was  the  major  factor. 
(Hooke's  Law  states  that  when  an  elastic  material 
stretches  within  its  range  of  elasticity  under  a  load, 
the  distortion  is  proportional  to  the  distorting 
force.)  Second,  the  resistors  provided  with  our  test 
lung  (and  used  in  this  study)  are  best  referred  to  as 
parabolic,  or  nonlinear.  Because  the  mathematics 
utilized  in  our  equations  do  not  allow  for  non- 
linearity  in  any  parameter,  this  almost  certainly 
contributed  some  of  the  observed  error.  Finally,  an- 
other likely  cause  of  error,  particularly  for  the  in- 
creased scatter  of  data  noted  in  Series  2,  was  the  al- 
teration of  the  expiratory  valve  behavior  that 
occurred  when  PEEPapp,  was  added. 

The  single-exponent  (monoexponential)  decay 
function  (Equations  3  &  4)  describes  the  change  in 
pressure  that  occurs  within  a  vessel  (in  this  case  the 
alveolus  or  test  lung),  with  respect  to  time.  For  this 
model  to  be  a  good  predictor  of  pressure  change  re- 
quires that  the  expiratory  flow  be  impeded  by  a  re- 
sistance (R)  that  is  uniform  over  the  range  of  flow 
encountered  and  propelled  by  an  elastic  recoil  that 
is  uniform  over  the  range  in  volume  that  occurs  (ie, 
both  R  and  C  are  assumed  to  be  linear).  (The  meas- 
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ure  of  elastic  recoil  is  elastance,  E,  which  is  the  re- 
ciprocal of  compliance,  or  E  =  1/C.)  During  exhala- 
tion, any  action  by  the  ventilator  that  is  not  a  uni- 
form application  of  expiratory  resistance  decreases 
the  predictive  ability  of  the  model.  Exhalation 
valve  inertia,  the  servo-loop  response  time  for  mi- 
croprocessor control,  and  microprocessor  algor- 
ithms could  all  alter  the  behavior  of  expiratory 
flow.  Dynamic  interactions  such  as  these  may  have 
contributed  to  the  slight  differences  in  bias  and  pre- 
cision noted  between  Series  1  and  2.  The  role  of 
the  exhalation  valve  in  the  monoexponential  model 
of  exhalation  has  been  reported.20  In  that  experi- 
ment, rabbits  were  intubated  and  ventilated  at  vari- 
ous settings  by  Babybird  and  Healthdyne  105  ven- 
tilators. When  the  dynamics  of  expiration  were 
examined,  the  exhalation  valves  were  found  to  in- 
teract with  and  alter  the  monoexponential  model  of 
exhalation.  The  authors  reported  finding  a  two- 
phase  pressure-decay  waveform.  The  first  phase 
did  not  closely  correspond  to  the  mathematical 
model,  but  the  second  phase  did.  They  postulated 
that  the  ventilator  exhalation  valve  was  acting  as  a 
variable  resistor,  producing  more  impedance  at  the 
onset  of  exhalation  than  toward  end-exhalation. 
Not  surprisingly,  the  Babybird  valve,  which  uses  a 
much  heavier  diaphragm,  produced  more  variation. 
The  "much  slower  response  time"  of  the  Babybird 
valve  was  attributed  to  the  inertia  required  to  dis- 
place the  heavier  diaphragm  at  the  onset  of  exhala- 
tion. In  light  of  these  findings,  further  analysis  of 
the  behavior  of  the  various  exhalation  valves  and 
their  impact  on  expiratory  dynamics  is  necessary 
before  the  predictive  ability  of  Equation  1 2  can  be 
definitely  determined. 

Under  the  conditions  of  our  study,  we  demon- 
strated useful  predictive  ability  with  Equation  12. 
Whether  this  predictive  ability  can  be  translated  to 
the  clinical  arena  remains  to  be  established.  Cer- 
tainly appropriate  patient  selection  is  crucial  in  any 
case. 

The  differences  between  the  mechanical  lung 
model  and  a  human  lung  may  be  better  understood 
if  the  concept  of  time  constants  is  elaborated  on. 
The  exponential  pressure-decay  model,  which  is 
characteristic  of  passive  exhalation,  incorporates 
the  concept  of  time  constants  (t).  t  is  calculated  as 
the  product  of  C  and  R.  Theoretically,  t  represents 
the  time  required  to  complete  inspiration  (t,)  or  ex- 
piration if  the  initial  peak  flowrate  does  not  de- 


crease. During  exhalation  (or  inspiration  during 
pressure-controlled  ventilation23  and  spontaneous 
breathing"*),  however,  as  the  lungs  fill,  the  pressure 
equilibrates,  and  the  flowrate  decreases.  This  de- 
crease delays  the  equilibration  process  so  that  the 
lungs  are  only  63%  emptied  after  a  time  interval 
equal  to  1  t,  95%  emptied  after  3  t.  and  99%  after 
5  t.  As  a  practical  matter,  equilibration  is  con- 
sidered complete  after  3-4  t.  particularly  in  the 
clinical  setting. 

The  t  of  a  mechanical  lung  model  does  not 
change  appreciably  as  FRC  changes.  However,  this 
is  not  the  case  in  the  human  lung.  As  FRC  is  in- 
creased, airway  resistance  decreases  due  to  the  in- 
crease in  airway  caliber.124  Additionally,  as  FRC  is 
increased  more  than  500-1,000  mL  above  normal. 
C  begins  to  fall  measurably.1  The  implications  of 
this  are  clear.  Because  t  equals  the  product  of  R 
and  C.  t  may  decrease  as  PEEP,  and  thus  FRC  in- 
crease.' Conversely,  as  PEEP,  decreases,  t  may  ac- 
tually increase.  Under  similar  conditions.  Equation 
12  might  either  under-  or  overestimate  PEEP,(jcsired). 
Nevertheless,  our  own  clinical  experience  with 
Equation  12  demonstrates  that  moderate  in- 
cremental or  decremental  changes  in  PEEP,  do  not 
cause  unreasonable  error  (authors"  unpublished 
data).  There  are  additional  T-related  phenomena 
that  may  impact  on  the  conceptual  understanding 
of  PEEP,. 

When  present,  PEEP,  occurs  globally  (assuming 
uniform  t)  and  regionally  (when  not  uniform),  as  in 
diseases  such  as  ARDS.25  Some  methods  of  meas- 
uring PEEP,,  such  as  the  end-expiratory  occlusion 
techniqueh  '2  and  the  technique  involving  measure- 
ment of  pressure  at  the  airway  opening  at  the  onset 
of  inspiratory  flow,8  report  an  aggregate  value  that 
is  the  average  of  all  the  pressures  in  the  various  al- 
veoli. This  value  does  not  reflect  the  PEEP,  within 
specific  alveoli  with  different  time  constants  but 
rather  a  volume-weighted  average  of  all  the  in- 
dividual alveoli. 2h  Additionally,  when  PEEP,  is 
measured  using  the  end-expiratory  occlusion  tech- 
nique, gas  flows  from  the  patient's  airways  into  the 
breathing  circuit  during  the  equilibration  period.  If 
the  circuit  compliance  is  high  and  the  patient's  lung 
compliance  is  low.  the  PEEP,  measured  is  sig- 
nificantly lower  than  the  true  aggregate  PEEP,. 
This  error  could  be  important  in  pediatric  patients. 
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A  recent  paper27  describes  a  simple  correction 
equation  that  adjusts  measured  PEEP,  for  this  error. 

In  diseases  with  heterogeneous  time  constants, 
measured  aggregate  PEEP,  is  always  lower  than  the 
PEEP]  in  the  alveolus  with  the  longest  t.  If  the  dis- 
ease process  is  such  that  markedly  different  time 
constants  coexist,  some  alveoli  may  be  highly  pres- 
surized at  end-exhalation  whereas  the  aggregate  or 
measured  PEEP,  is  quite  modest.  This  phenomenon 
may  increase  the  risk  for  barotrauma,  particularly  if 
PEEP,  goes  undetected.  Certainly,  patients  with 
diseases  such  as  status  asthmaticus  and  COPD 
(with  nonuniform  and  prolonged  t)  fit  into  this  cat- 
egory and  should  be  managed  appropriately. 

Equation  13  expresses  the  relationship  between 
any  number  (n)  of  alveoli  and  the  volume-weighted 
aggregate  PEEP,: 


Aggregate  PEEPi   = 
PEEPi  ■   V,  +   PEEP,-, 


•  +  PEEP,,, 


:i3] 


V,  +   V2+...  +  Vn 

where  V(i,;> n)  is  the  volume  of  each  alveolus,  and 

PEEPi,  1,2.  ,ni  is  the  PEEPi  of  each  alveolus. 

As  can  be  seen  from  inspection  of  this  equation, 
in  addition  to  pressure,  the  total  volume  of  each  re- 
gion impacts  on  the  aggregate  PEEP,.  Thus,  a  re- 
gion with  a  high  PEEP,  and  a  very  low  volume  con- 
tributes only  slightly  to  the  aggregate  PEEP,. 

Because  alveoli  with  long  t  have  prolonged 
emptying  times,  PEEP,  tends  to  preferentially  in- 
crease FRC  in  lung  units  that  have  conducting  air- 
ways with  higher  resistance  leading  to  them.  Under 
some  circumstances,  this  may  be  a  therapeutic  ad- 
vantage. Consider  Lachmann's  description28  of 
lung  tissue  from  animals  with  experimentally  creat- 
ed ARDS. 


create  PEEP,,  preventing  their  collapse.  Adjacent 
well-expanded  units  with  short  t  would  be  spared 
hyperinflation  if  PEEPapp,  was  kept  appropriately 
low.  The  key  to  this  strategy  is  the  right  combina- 
tion of  PEEPappi  and  PEEP,,  the  idea  being  to 
'splint'  most  alveoli  open  and  to  keep  hyper- 
inflation and  excess  pressure  to  a  minimum.  PEEP, 
would,  however,  have  to  be  constantly  monitored 
and  adjusted  whenever  R  or  C  values  changed.  To 
prevent  alterations  in  expiratory  time  with  con- 
comitant changes  in  PEEP,  and  to  prevent  ex- 
cessive occult  work  of  breathing,  sedation  (and 
sometimes  paralysis)  is  necessary  to  limit  patient 
initiation  of  inspiration  and  to  ensure  passive  ex- 
halation. 

Although  the  therapeutic  use  of  PEEP,  is  an  in- 
triguing idea,  it  is  an  unproved  technique.  Clar- 
ification of  the  true  nature  of  PEEP,,  its  clinical  di- 
mensions, and  its  role  in  patient  care  requires 
additional  clinical  and  experimental  studies. 

In  Conclusion 

In  the  laboratory,  our  predictive  equations  ap- 
pear to  work  very  well.  We  are  collecting  data  us- 
ing this  technique  with  patients  during  PCIRV,  and 
the  results  are  encouraging.  More  work  is  required 
to  validate  our  equation  with  different  ventilators 
and  on  various  groups  of  patients.  Although  the  ac- 
tual therapeutic  role  of  PEEP,  remains  conjectural, 
its  frequent  presence  during  mechanical  ventilation, 
either  by  design  or  default,  requires  the  practitioner 
to  understand  and  control  this  phenomenon.  Math- 
ematical modeling  is  an  imperfect  but  useful  tool  to 
this  end. 
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APPENDIX 


Explanation  of  steps  to  be  taken   in  clinical  application  of 
Equation  12: 

1.  PEEP|limi,aii.  An  initial  PEEP,,,,  is  measured  by  the  ex- 
piratory-hold maneuver  and  the  exact  U.,,,,,,,.,1,  is  noted.  If 
the  patient  is  on  conventional  PEEPwi,  its  value  must 
be  subtracted  from  PEEP,01  to  calculate  PEEPh, „,„.,!, 
(Eqs.  I  &  2). 

PEEP,,,,  =  PEEP,  +  PEEPappi. 

PEEP,  =  PEEP,,,,  -  PEEPappi 

2.  Ppiat(iniiial)  is  the  maximum  alveolar  pressure  in  the  res- 
piratory cycle  before  PEEP  is  changed  and  is  ap- 
proximately equal  to  plateau  pressure.  It  is  essential  that 
a  true  Ppia,  be  used.  If  inspiratory  time  is  less  than  3-4  t, 
an  end-inspiratory  pause  is  used  to  determine  the  Ppia, 
(corrections  may  be  required  depending  upon  the  ratio 
of  circuit  compliance  to  lung  compliance).21 

3.  PEEPiidcsiredi  is  the  new  PEEP[. 

-I-  Ppiaiinew).  To  achieve  the  same  tidal  volume  when  PEEPi 
is  altered,  the  difference  between  the  lowest  alveolar 
pressure  (PEEPCOi)  and  the  highest  alveolar  pressure 
(Ppiai)  must  remain  the  same.  Thus,  the  Ppiai(new)  must  in- 
crease or  decrease  by  the  same  increment  that  intrinsic 
PEEP  does. 

5.  The  appropriate  values  are  inserted  into  Equation  12, 
and  the  equation  is  solved.  The  result  is  the  te  needed  to 
achieve  the  desired  PEEPi. 

,     Pplall  new  I  _  PEEPapn|  W(  initial  I 


PEEP,, 


r  plat  I  initial  I 


PEEP. 


ppl 


PEEP1(lnm 


PEEPi  may  be  essentially  eliminated  using  this  model 
by  choosing  a  PEEPiidesirixn  that  is  about  5%  of  the  dif- 
ference between  Ppia,  and  PEEPapp|.  This  represents  3  ex- 
piratory t  and  may  be  regarded  as  clinically  complete 


exhalation.  Because  the  mathematical  model  of  exhala- 
tion is  the  exponential  decay  function,  theoretically, 
complete  equilibration  between  alveolar  and  proximal 
airway  pressures  never  occurs.  The  alveolar  pressure  ap- 
proaches proximal  airway  pressure  as  an  asymptote  but 
never  intersects.  Consequently,  a  PEEPi  of  zero  cannot 
be  used  in  Equation  13  (division  by  zero  would  result). 
Several  situations  may  occur  that  can  affect  the  pre- 
dictive ability  of  this  model.  They  should  be  carefully 
considered  before  attempting  to  use  any  of  the  equations 
to  adjust  PEEPi.  This  is  particularly  true  if  one  is  at- 
tempting to  create  or  increase  PEEPi  to  restore  FRC. 

A.  Exhalation  must  be  totally  passive.  Active  exhala- 
tion either  during  measurement  or  during  any  sub- 
sequent breaths  alters  alveolar  pressures  and  t. 

B.  Significant  leaks  in  the  breathing  circuit,  around  the 
endotracheal  tube  cuff,  and  through  bronchopleural 
fistulae.  make  it  difficult  to  measure  an  initial  PEEPi 
accurately.  Because  the  use  of  the  end-expiratory 
occlusion  technique  requires  an  equilibration  of 
pressures  within  the  breathing  circuit  and  patient,  a 
leak  at  any  point  prevents  repeatable  measurement. 
If  a  leak  is  overlooked,  the  PEEP|(1„,„aii  may  be  un- 
derestimated. If  the  initial  measurement  under- 
estimates PEEPi.  the  equation(s)  underestimate  the 
te  required  and  are  likely  to  cause  an  excessive  ap- 
plication of  PEEP|.  Excessive  PEEPi  generates  the 
same  risks  that  occur  if  excessive  conventional 
PEEP  is  applied,  including  barotrauma  and  altera- 
tions in  hemodynamic  function. 

C.  Airflow  limitation  must  not  exist.  If  airflow  limita- 
tion is  suspected  (it's  most  common  in  patients  with 
severe  COPD).  its  presence  is  best  determined  by 
adding  PEEP  in  increments  up  to  but  not  exceeding 
the  measured  PEEPi.  After  each  increment  of  PEE- 
Pappi is  added,  the  peak  inflation  pressure  (PIP)  is 
observed.  If  the  PIP  increases  almost  incremental!} 
with  increases  in  PEEP,lppi,  flow  limitation  does  not 
exist.  Conversely,  if  the  PIP  shows  little  or  no 
change,  flow  limitation  is  likely  ,14 
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Assessing  the  Effectiveness  of  Observation  Training 
for  Clinical  Instructors 

David  L  Collins  PhD  RRT,  Thomas  V  Hill  MS  RRT,  and  Peggy  Leahy  PhD 

INTRODUCTION:  Many  respiratory  care  programs  rely  heavily  on  observation 
instruments  to  assess  student  performance  in  the  clinical  setting.  In  addition,  the 
practice  of  using  volunteer  clinical  instructors  (CI)  to  assess  student  performance 
is  commonplace.  The  combination  of  these  variables  raises  questions  about  the  re- 
liability of  this  method  of  multiobserver  assessment.  The  purpose  of  this  study  was 
to  determine  whether  a  training  program  using  videotapes  prepares  CI  to  ac- 
curately record  clinical  performance  on  checklist  instruments  as  measured  by  an 
interobserver  agreement  >  0.85.  METHODS  &  SUBJECTS:  In  a  randomized  con- 
trol group  posttest-only  design,  CI  were  assigned  to  a  control  group  (n  =  17)  or  an 
experimental  group  (n  =  17).  The  CI  in  the  experimental  group  attended  a  session 
during  which  they  viewed  segments  of  videotapes  showing  tracheal  aspiration  (TA) 
and  chest  physiotherapy  (CPT)  performed  according  to  commonly  accepted  stan- 
dards of  care.  The  videotapes  had  been  developed  by  the  American  Association  for 
Respiratory  Care  (AARC)  for  use  by  supervisory  personnel  responsible  for  evalu- 
ating clinical  performance.  Experimental  group  CT  reviewed  checklist  instruments 
and  procedural  specifications  for  TA  and  CPT  that  corresponded  to  the  video- 
tapes. The  dichotomously  scored  checklist  instruments  identified  tasks  essential  to 
the  correct  performance  of  TA  and  CPT.  The  instruments  were  developed  by  the 
investigators  and  pilot  tested  by  an  expert  panel  to  establish  interrater  reliability 
and  face  and  content  validity.  One  week  later,  both  groups  attended  a  posttest  ses- 
sion during  which  segments  of  the  TA  and  CPT  videotapes  with  incorrectly  per- 
formed or  omitted  tasks  were  shown.  The  CT  completed  the  checklist  instruments 
as  they  viewed  the  videotapes.  RESULTS:  Data  were  statistically  analyzed  using 
one-tailed  t  tests  for  independent  samples  (a  =  0.05)  and  chi-square  tests  (a  =  0.05). 
Mean  interobserver  agreement  was  greater  in  the  experimental  group  than  in  the 
control  group  for  both  TA  (0.885  vs  0.672)  and  CPT  (0.926  vs  0.680),  and  the  dif- 
ference was  significant  for  both  procedures  (p  <  0.001  for  t  tests  and  p  <  0.00001 
for  chi-square).  Calculation  of  effect  size  demonstrated  practical  significance. 
CONCLUSION:  The  experimental  group  was  more  accurate  than  the  control 
group  in  using  the  checklist  instruments  to  record  clinical  performance  shown  in 
the  videotapes.  Educators  may  consider  developing  similarly  designed  training 
programs  for  preparing  CI  to  use  checklist  instruments  to  evaluate  clinical  per- 
formance. [RespirCare  1993;38(8):906-915.] 
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Introduction 

Assessment  of  student  outcomes  is  an  important 
trend  in  higher  education.  According  to  Nichols.1 
interest  in  this  topic  was  sparked  in  the  mid-1980s 
by  the  federal  government,  by  professional  and  re- 
gional accrediting  agencies,  and  by  governors  and 
state  legislatures.  The  outcomes-assessment  move- 
ment has  forced  educators  to  formally  address  such 
issues  as  identifying  educational  goals  and  stan- 
dards and  developing  valid  and  reliable  measures 
for  assessing  achievement  of  these  goals.  Because 
this  is  a  relatively  new  trend,  educators  are  faced 
with  the  challenge  of  transforming  these  theoretical 
concepts  into  operational  activities. 

In  1986,  the  Joint  Review  Committee  for  Res- 
piratory Therapy  Education  (JRCRTE)  imple- 
mented outcomes-oriented  accreditation  standards2 
that  require  training  programs  to  use  multiple 
measures  to  assess  achievement  of  stated  goals  and 
standards.  As  a  result,  observation  instruments  are 
often  used  to  assess  student  skills  in  the  psycho- 
motor and  affective  domains.  Although  respiratory 
care  educators  are  now  more  conversant  with  out- 
comes assessment,  developing  valid  and  reliable 
measures  of  goal  achievement  remains  a  source  of 
concern  and  frustration  for  many  program  faculty 
as  evidenced  by  formal  and  informal  discussions  at 
regional  and  national  meetings  of  educators. 

Cason  et  al3  reported  that  training  programs  rely 
heavily  on  observation  instruments  to  assess  stu- 
dent performance  in  the  clinical  setting.  In  addi- 
tion, we  are  aware  of  many  allied  health  and  nurs- 
ing programs  that  use  volunteer  clinical  instructors 
to  assess  student  performance  in  the  clinical  set- 
ting. The  combination  of  these  two  variables  raises 
questions  about  the  reliability  of  this  method  of  as- 
sessment. Specifically,  the  issue  of  interrater  re- 
liability surfaces.  Simply  defined,  interrater  re- 
liability is  a  measure  of  the  extent  to  which  two  or 
more  independent  judges  are  consistent  in  ob- 
serving, recording,  or  scoring  data  from  a  single 
subject  at  the  same  time. 

A  concern  raised  when  volunteer  clinical 
instructors  are  used  to  assess  student  performance 
is  that  program  faculty  may  use  these  evaluations 
to  make  summative  decisions  about  academic  pro- 
gression. Thus,  establishing  interrater  reliability  be- 
comes critically  important.  By  doing  so,  program 


faculty  can  validate  assessments  made  by  clinical 
instructors. 

We  were  interested  in  examining  the  re- 
lationship between  clinical  instructor  training  and 
interrater  reliability  when  observation  instruments 
are  employed  to  assess  student  performance.  We 
conducted  a  review  of  the  literature  using  the  Ed- 
ucational Resources  Information  Center  (ERIC), 
the  on-line  Medical  Literature  Analysis  and  Re- 
trieval System  (MEDLARS/MEDLINE),  and  the 
Cumulative  Index  to  Nursing  and  Allied  Health  Lit- 
erature (CINAHL)  computerized  databases  to  iden- 
tify possible  training  strategies.  Multiple  de- 
scriptors were  combined  for  these  searches.  We 
found  a  number  of  articles  addressing  interrater  re- 
liability and  calculation  of  various  reliability  sta- 
tistics. However,  few  resources  were  identified  to 
guide  educators  in  developing  training  strategies  to 
establish  interrater  reliability  when  using  observa- 
tion instruments  to  assess  student  performance.  In 
addition,  we  reviewed  a  convenience  sample  of  19 
research  and  measurement  textbooks  published  be- 
tween 1987  and  1992.422  Only  4  of  the  19  texts 
identified  the  need  to  train  raters  when  using  ob- 
servation instruments.4-l4-l<U2;487'w"  Of  these  four 
texts,  only  one  described  the  training  process, 
which  was  done  in  a  cursory  fashion.22*87"490 

Previous  authors  also  found  relatively  little  in- 
formation in  the  literature  to  guide  educators  in 
structuring  this  training.2324  Although  Castorr  et 
al23  identified  the  process  of  rater  training  as  a  crit- 
ical component  for  establishing  interrater  re- 
liability, they  found  that  ( 1 )  a  review  of  a  con- 
venience sample  of  15  research  and  measurement 
textbooks  published  between  1984  and  1985  iden- 
tified only  6  texts  addressing  the  need  to  train  rat- 
ers who  were  to  use  observation  instruments.  Of 
these  6  texts,  none  identified  procedures  or  strat- 
egies to  assist  in  developing  training  protocols.  (2) 
A  review  of  the  periodical  literature  in  nursing  and 
the  behavioral  sciences  found  only  3  articles  ad- 
dressing the  importance  of  standardizing  rater  train- 
ing sessions.  Additionally,  only  4  articles  identified 
rater  performance  as  an  extraneous  variable  specif- 
ic to  observation  instruments.  (3)  A  review  of  the 
literature  of  journal  articles  addressing  patient  clas- 
sification systems  yielded  22  sources.  Of  these  ar- 
ticles, 16  mentioned  rater  training,  but  none  de- 
scribed training  procedures  or  protocols. 
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Cason  et  al3  stated,  "there  is  no  alternative  to  the 
use  of  experts'  ratings  to  measure  the  quality  of  a 
clinicians  performance."  The  importance  of  assur- 
ing interrater  reliability  when  using  observation  in- 
struments will  become  increasingly  apparent  as 
outcomes  assessment  becomes  commonplace. 

In  light  of  our  inability  to  identify  an  adequate 
number  of  resources  addressing  rater  training,  as 
well  as  the  findings  of  Castorr  et  al,23  we  de- 
termined that  a  study  assessing  training  effective- 
ness could  greatly  benefit  educators  who  use  ob- 
servation instruments  to  evaluate  student 
performance. 

The  study  examined  the  effect  of  training  on  the 
scoring  performance  of  clinical  instructors  when 
observation  instruments  are  used  to  evaluate  the 
performance  of  respiratory  care  students  in  the  clin- 
ical setting.  Research  questions  investigated  in  this 
study  were 

1 .  Can  the  use  of  a  training  program  that  utilizes 
videotapes  depicting  patient  care  simulations 
adequately  prepare  clinical  instructors  to  eval- 
uate student  performance? 

2.  Is  there  a  statistically  significant  difference 
between  the  scoring  performance  of  clinical 
instructors  who  receive  training  to  assess  stu- 
dent performance  using  observation  in- 
struments and  the  scoring  performance  of 
clinical  instructors  who  receive  no  formal 
training? 

Additionally,  demographic  data  were  collected 
on  all  clinical  instructors  participating  in  this  study. 
These  data  include  (1)  level  of  professional  cre- 
dential possessed  by  the  clinical  instructor,  (2)  pri- 
mary clinical  responsibility  of  the  clinical  in- 
structor, and  (3)  number  of  years  of  experience  in 
respiratory  care  possessed  by  the  clinical  instructor. 

In  addition,  subject  status  (clinical  instructor  vs 
volunteer  respiratory  care  practitioner)  was  exam- 
ined because  volunteer  subjects  were  added  to  the 
population. 

Methods  and  Subjects 

We  employed  the  randomized  control  group 
posttest-only  research  design  described  by  Isaac 
and  Michael,2565"  which  utilizes  simple  random 
assignment  of  subjects  to  the  experimental  and  con- 


trol groups  prior  to  the  application  of  the  treatment. 
We  developed,  implemented,  and  evaluated  a  train- 
ing program  designed  to  prepare  clinical  instructors 
to  evaluate  student  performance.  Subjects  assigned 
to  the  experimental  group  were  trained  to  use  ob- 
servation instruments  to  accurately  assess  a  stu- 
dent's ability  to  perform  two  respiratory  care  pro- 
cedures. 

The  population  for  the  study  consisted  of  all  res- 
piratory care  practitioners  who  served  as  volunteer 
clinical  instructors  for  our  associate  degree  pro- 
gram. Thirty-seven  clinical  instructors  were  iden- 
tified from  a  roster  maintained  by  the  program  di- 
rector and  were  sent  a  written  invitation  to 
participate  in  the  study.  This  inquiry  yielded  17 
participants.  A  second  invitation  was  mailed  to  the 
20  nonrespondents,  resulting  in  9  additional  clin- 
ical instructors  who  agreed  to  participate,  thus 
bringing  the  number  of  subjects  to  26. 

Borg  and  Gall222"  recommend  a  minimum  of  15 
cases  in  each  group  in  causal-comparative  and  ex- 
perimental research.  Because  only  26  of  the  37 
clinical  instructors  agreed  to  participate  in  the 
study  and  because  one  must  assume  20%  attrition 
as  a  realistic  level  for  planning,22  215  the  department 
directors  of  the  program's  primary  clinical  affili- 
ates were  asked  to  identify  volunteer  respiratory 
care  practitioners  in  their  employ  who  would  be 
willing  to  participate  in  the  study.  Handouts  de- 
scribing the  research  project  were  sent  to  all  di- 
rectors. This  method  for  identifying  subjects  was 
selected  because  it  is  used  by  program  faculty 
when  seeking  additional  clinical  instructors.  Ten 
volunteers  responded  to  this  request.  In  addition, 
two  faculty  from  another  associate  degree  res- 
piratory care  program  volunteered  to  participate, 
thus  bringing  the  number  of  subjects  studied  to  38. 
Clinical  instructors  and  volunteers  who  agreed  to 
participate  in  the  study  were  asked  to  complete  per- 
sonal data  and  informed  consent  forms.  Random 
assignment  to  the  experimental  and  control  groups 
was  performed  after  the  volunteers  were  added  to 
the  study. 

Demographic  data  describing  subject  character- 
istics were  recorded  on  the  personal  data  forms. 
Because  volunteers  were  added  to  the  population, 
subject  status  was  also  examined.  Subjects  were 
classified  as  either  clinical  instructors  or  as  vol- 
unteers. 
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The  primary  independent  variable  under  ex- 
amination was  formal  training  for  clinical  in- 
structors who  use  observation  instruments  to  assess 
student  performance.  The  dependent  variable  in  the 
study  was  subject  scoring  performance  when  using 
these  instruments  to  assess  the  clinical  skills  of  res- 
piratory care  students. 

K'The  foundation  for  the  observation  training  was 
provided  by  videotapes  developed  by  the  American 
Association  for  Respiratory  Care  (AARC)  for  use 
by  supervisory  personnel  who  evaluate  clinical  per- 
formance. .The  first  segment  of  each  videotape 
shows  the  procedure  being  correctly  performed, 
whereas  the  second  segment  shows  the  same  pro- 
cedure except  that  certain  steps  are  omitted  or  in- 
correctly performed.  The  two  videotapes  were  se- 
lected on  the  basis  of  appropriateness  of  the 
procedure  relative  to  the  program's  curriculum,  ac- 
curacy of  the  procedure  portrayed  relative  to  com- 
monly accepted  standards  of  practice,  and  quality 
of  the  videotape. 

We  developed  clinical-skill-assessment  check- 
lists and  procedural  specification  forms  by  an- 
alyzing the  segments  of  the  two  videotapes  that 
portray  the  procedures  being  correctly  performed. 
Essential  observation  categories  and  subcategories 
were  identified,  recorded,  and  converted  to  a 
checklist  (ie,  task  was  performed  vs  not  per- 
formed). This  process  was  repeated  several  times 
until  consensus  was  reached  on  the  tasks  portrayed 
and  the  key  performance  elements  associated  with 
each  task. 

Four  respiratory  care  faculty  members,  using 
Borg  and  Gall22250'252256'257487-490  as  a  guide,  pilot 
tested  the  instruments  to  establish  face  validity, 
content  validity,  and  interrater  reliability. 

Face  validity  was  established  by  having  the  fac- 
ulty compare  the  checklist  instruments  with  the 
correctly  performed  videotape  segments.  Next,  the 
faculty  and  researchers  identified  discrepancies,  re- 
viewed appropriate  portions  of  the  videotapes,  and 
reached  consensus  on  the  appropriateness  of  the 
skills-assessment  checklists  relative  to  the  correctly 
performed  videotape  segments.  The  instruments 
were  modified  accordingly.  To  establish  content 
validity,  faculty  members  were  asked  to  compare 
the  training  material  with  the  evaluation  in- 
struments. 

Finally,  to  establish  interrater  reliability,  the  fac- 
ulty completed  the  corresponding  clinical-skills- 


assessment  checklists  while  viewing  the  incorrectly 
performed  videotape  segments.  We  identified  dis- 
crepancies between  the  faculty's  scoring  of  the 
checklists  and  our  earlier  scoring  of  the  checklists, 
reviewed  appropriate  portions  of  the  videotapes, 
and  reached  consensus  on  the  correct  scoring  of  the 
checklist  instruments  relative  to  the  incorrectly  per- 
formed videotape  segments.  Once  the  pilot  testing 
was  completed,  the  study  was  conducted. 

To  assure  that  all  subjects  received  the  same  in- 
formation, we  developed  a  script  to  follow  because 
multiple  training  and  posttest  sessions  were  con- 
ducted. In  addition,  we  audiotaped  each  session 
and  conducted  all  sessions  in  the  respiratory  care 
laboratory  on  the  college  campus. 

Using  Castorr  et  al23  as  a  guide,  we  administered 
a  training  program  to  subjects  randomly  assigned 
to  the  experimental  group.  Key  components  of  the 
70-minute  training  program  for  subjects  in  this 
group  were 

1.  defining  the  concept  of  interrater  reliability 
and  discussing  its  importance  when  em- 
ploying skills-assessment-checklist  instruments 
to  evaluate  student  clinical  performance, 

2.  reviewing  a  training  manual  with  the  subjects 
and  discussing  and  defining  the  tasks  and  key 
performance  elements  for  each  observation 
category  on  the  clinical-skills-checklist  instru- 
ments, 

3.  viewing  two  videotaped  scenarios  that  cor- 
respond with  the  checklist  instruments  and 
portray  correctly  performed  procedures,  and 

4.  responding  to  questions  raised  by  subjects  af- 
ter viewing  the  videotapes. 

One  week  after  the  experimental  group  par- 
ticipated in  the  training  session,  both  groups  par- 
ticipated in  the  posttest  evaluation.  Subjects  viewed 
two  videotaped  scenarios  depicting  the  same  clin- 
ical procedures  presented  during  the  training  phase 
of  the  study;  however,  these  videotaped  segments 
contained  aspects  of  the  clinical  procedures  being 
incorrectly  performed.  Subjects  scored  the  clinical 
performance  portrayed  in  the  videotapes  using  the 
appropriate  skills-assessment-checklist  instru- 
ments. Scoring  performance  was  determined  by 
comparing  the  rating  of  videotaped  clinical  simula- 
tions by  subjects  participating  in  the  study  to  the 
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rating  of  experts  who  viewed  and  scored  the  same 
simulations  prior  to  the  study.  Subject  scoring  per- 
formances by  clinical  procedure  and  by  specific 
tasks  within  the  procedure  (experimental  vs  control 
group)  were  recorded  and  analyzed. 

Scoring  performance  was  ascertained  by  hand 
scoring  each  subject's  copy  of  the  checklist  instru- 
ments. Data  taken  from  the  personal  data  forms 
were  statistically  analyzed  using  the  Statistical 
Package  for  the  Social  Sciences  (SPSS  Inc,  Chi- 
cago IL). 

Subject  scoring  performance  by  clinical  pro- 
cedure was  analyzed  using  one-tailed  t  tests  for  in- 
dependent samples  (a  =  0.05).  Chi-square  tests  (a 
=  0.05)  were  performed  to  determine  whether  a  sta- 
tistically significant  difference  existed  between  the 
experimental  and  control  groups  and  the  following 
pairs  of  variables: 

1.  professional  credential  and  checklist-scoring 
performance, 

2.  years  of  experience  upon  completion  of  for- 
mal respiratory  care  training  and  checklist- 
scoring  performance, 

3.  primary  job  responsibility  when  not  serving 
as  a  clinical  instructor  and  checklist  per- 
formance, 

4.  status  (clinical  instructor  vs  volunteer)  and 
checklist-scoring  performance. 

Interrater  reliability  was  established  using  the 
point-to-point  interobserver  agreement  method  de- 
scribed by  Salvia  and  Hughes:h  because  criterion- 
referenced  testing  was  employed  in  the  study.  Fol- 
lowing the  recommendation  of  Frick  and  Sem- 
mel,27  an  acceptable  level  of  interobserver  agree- 
ment was  set  at  >  0.85. 

Results 

Thirty-four  of  the  38  subjects  completed  the 
study.  Four  subjects  elected  not  to  complete  the 
study  for  personal  reasons.  Of  the  four  subjects 
who  did  not  complete  the  study,  two  were  from  the 
experimental  group  and  two  were  from  the  control 
group.  Thus,  the  experimental  and  control  groups 
each  consisted  of  17  subjects. 

The  distribution  of  subjects  in  the  experimental 
and  control  groups  by  level  of  professional  cre- 


cbtt  brt  other- 

Credential 

Fig.  1.  Description  by  professional  credential  of  subjects 
participating  in  study  of  effectiveness  of  observation 
training.  ■  =  experimental  group;  □  =  control  group. 
*Other=  1  RNand  1  LPN. 

dential  and  years  of  experience  in  respiratory  care 
are  depicted  in  Figures  1  and  2  and  by  primary  job 
responsibility  in  Table  1 . 


2-5  6-9  10-13  14-17  18-21  22-25 

Years  of  Experience 
Fig.  2.  Description  of  subjects  by  years  employed  in  res- 
piratory care.  ■  =  experimental  group;    □  =  control 
group. 

Table  1.    Description  of  Subjects  by  Primary  Job  Responsi- 
bility 


Experi 

mental  (n  = 

17) 

Control    (n=  17) 

Job  Responsibility 

n 

(%) 

n             (%) 

Adult  floor  care 

1 

(5.9%) 

6       (35.3%) 

Adult  intensive  care 

1 

(5.9%) 

3       (17.6%) 

Pediatric  floor  care 

0 

(0.0%) 

1        (5.9%) 

Neonatal/pediatric 

floor  care 

0 

(0.0%) 

1         (5.9%) 

Supervisory  role 

7 

(41.1%) 

1         (5.9%) 

Pulmonary  function 

testing 

1 

(5.9%) 

0         (0.0%) 

Pulmonary  rehabil- 

itation 

2 

(11.8%) 

1         (5.9%) 

Home  care 

3 

(17.6%) 

3        (17.6',) 

Other* 

2 

ilegory 

(11.8%) 
isted  education  as 

1         (5.9%) 

*AII  subjects  in  this  c 

their  primary  job  re- 

sponsibility. 
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Effect  of  Training  on  Clinical-Instructor 
Scoring  Performance 

Mean  interobserver  agreement  was  0.885  in  the 
experimental  group  and  0.672  in  the  control  group 
for  TA  checklist-scoring  performance.  Mean  inter- 
observer agreement  was  0.926  in  the  experimental 

Table  2.    Analysis  of  Scoring  Performance  on  the  Tracheal 
Aspiration  Checklist  Instrument 


Measure 

Experimental  (n  = 

:    17) 

Control  (n=  17) 

Mean 

18.588 

14.176 

Median 

19.000 

15.000 

Mode 

19.000 

15.000 

Standard  deviation 

1.326 

1.334 

Skewness 

-0.079 

-0.340 

Kurtosis 

2.023 

-0.967 

group  and  0.68  in  the  control  group  for  CPT  check- 
list-scoring performance.  Descriptive  statistics  for 
TA  checklist-scoring  performance  are  shown  in  Ta- 
ble 2  and  for  CPT  in  Table  3. 

Table  3.    Analysis  of  Scoring  Performance  on  the  Chest  Phys- 
iotherapy Checklist  Instrument 


Measure 

Experimental  (n  = 

:    17) 

Control  (n=  17) 

Mean 

14.824 

10.882 

Median 

15.000 

1 1 .000 

Mode 

15.000 

12.000 

Standard 

deviation 

0.728 

2.118 

Skewness 

0.264 

0.818 

Kurtosis 

0.983 

0.276 

The  difference  between  experimental  and  con- 
trol-group checklist-scoring  performance  was  sta- 
tistically significant  (a  =  0.05)  for  both  TA  and 
CPT,  as  computed  by  one-tailed  t  test  for  in- 
dependent samples  (p  <  0.001)  and  chi-square  (p  < 
0.00001). 

Once  statistical  significance  had  been  es- 
tablished for  scoring  performance  on  the  TA  and 
CPT  checklists,  effect  size  was  calculated  to  de- 
termine practical  significance.  (Effect  size  is  a 
measure  of  how  well  the  average  subject  who  re- 
ceived the  training  performed  compared  to  the  av- 
erage subject  who  did  not  receive  the  training.  The 
larger  the  effect  size,  the  more  powerful  is  the  in- 
tervention. Effect  sizes  greater  than  0.33  have  prac- 
tical significance.  Practical  significance  indicates 


the  effect  of  the  intervention  is  great  enough  to 
make  a  worthwhile  difference  in  the  outcome.227) 
In  our  study,  the  effect  size  was  3.31  for  the  TA 
checklist  and  1.86  for  the  CPT  checklist,  where 
zero  indicates  no  effect  and  an  effect  size  >  0.33  is 
said  to  have  practical  importance.227 

Relationship  between  Demographic  Data  and 
Scoring  Performance 

Chi-square  tests  were  performed  to  determine 
whether  professional  credential,  years  of  ex- 
perience, or  primary  job  responsibility  had  an  ef- 
fect on  checklist-scoring  performance.  There  was 
no  statistically  significant  difference  (a  =  0.05)  be- 
tween these  variables  and  subject  scoring  per- 
formance for  TA  and  CPT  checklists,  as  shown  in 
Tables  4  and  5.  Isaac  and  Michael25 :'77  reported  that 

Table  4.  Chi-Square  Comparison  (a  =  0.05)  of  Listed  Var- 
iables with  Scoring  Performance  on  the  Tracheal  As- 
piration Checklist  Instrument  (n  =  34) 


Variable 


p  Value 


Professional  credential! s) 
Years  of  experience 
Primary  job  responsibility 
Subject  statusf 


0.357 
0.261 


0.288 


*Not  reported  because  the  chi-square  test  is  not  appropriate  for  these 
data  (26  of  27  cells  had  frequency  counts  <  5). 

iSubject  status  =  clinical  instructor  vs  volunteer  respiratory  care  prac- 
titioner. 


in  using  chi-square  no  frequency  should  be  <  5.  Be- 
cause the  majority  of  cells  comparing  primary  job 
responsibility  with  scoring  performance  on  the  TA 
and  CPT  checklists  had  frequency  counts  <  5.  chi- 
square  values  were  not  reported. 

Table  5.  Chi-Square  Comparison  (a  =  0.05)  of  Listed  Var- 
iables with  Scoring  Performance  on  the  Chest  Phys- 
iotherapy Checklist  Instrument  (n  =  34) 


Variable 


p  Value 


Professional  credential!  s) 
Years  of  experience 
Primary  job  responsibility 
Subject  statust 


0.194 
0.616 


0.288 


*Not  reported  because  the  chi-square  test  is  not  appropriate  for  these 
data  (35  of  36  cells  had  frequency  counts  <  5). 

tSubject  status  =  clinical  instructor  vs  volunteer  respiratory  care  prac- 
titioner. 
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Discussion 

This  study  addresses  the  challenge  faced  by  res- 
piratory care  educators  to  develop  valid  and  re- 
liable measures  of  the  clinical  performance  of  stu- 
dents— a  challenge  made  more  difficult  when 
student  performance  is  assessed  by  untrained,  vol- 
unteer clinical  instructors.  We  believe  that  the  re- 
sults of  this  study  should  be  helpful  because  little 
information  exists  in  the  literature  to  guide  ed- 
ucators in  developing,  implementing,  and  evalu- 
ating formal  training  for  clinical  instructors.  In  ad- 
dition, the  results  of  this  study  should  be  useful 
because  valid  and  reliable  assessment  of  student 
clinical  performance  should 

1.  result  in  objective  data  to  assist  educators  in 
making  formative  and  summative  decisions 
about  student  academic  progression — thus  in- 
creasing the  likelihood  of  better  patient  care 
and  reducing  faculty  exposure  to  litigation, 

2.  result  in  greater  learning  when  student  per- 
formance data  are  used  to  reformulate  instruc- 
tion, and 

3.  demonstrate  to  accrediting  agencies  and  other 
communities  of  interest  that  stated  educa- 
tional goals  are  being  achieved. 

Research  Question  1  examined  whether  a  train- 
ing program  that  utilizes  videotaped  patient-care 
simulations  can  adequately  prepare  clinical  in- 
structors to  evaluate  student  performance.  It  was 
hypothesized  that  this  method  of  training  would 
yield  a  point-to-point  interobserver  agreement  > 
0.85.  Because  mean  scoring  performance  in  the 
trained  group  was  >  0.85  on  the  TA  and  CPT 
checklists,  and  <  0.85  in  the  control  group,  training 
positively  affected  interrater  reliability. 

These  results  support  the  assertion  by  McMil- 
len28  that  training  manuals  and  videotapes  are  ef- 
fective modes  of  delivery  for  minimizing  rater  bias 
and  subjectivity  when  preparing  clinical  instructors 
to  evaluate  student  performance.  In  addition,  the  re- 
sults support  the  hypothesis  that  the  program  ad- 
ministered to  subjects  in  the  trained  group  can  sat- 
isfactorily prepare  clinical  instructors  to  use 
checklist  instruments  to  evaluate  student  per- 
formance. 

Research  Question  2  examined  whether  the  scor- 
ing performance  of  clinical  instructors  who  receive 


training  to  use  observation  instruments  for  as- 
sessing student  performance  differs  from  the  scor- 
ing performance  of  clinical  instructors  who  receive 
no  formal  training.  It  was  hypothesized  that  there 
would  be  a  statistically  significant  difference  in 
scoring  performance  as  measured  by  the  one-tailed 
t  test  for  independent  samples  and  the  chi-square 
test.  Computed  results  of  these  two  tests  were  sig- 
nificant (a  =  0.05)  for  both  TA  and  CPT. 

Once  statistical  significance  had  been  es- 
tablished for  both  procedures,  effect  size  was  cal- 
culated to  determine  practical  significance.  Borg 
and  Gall22  7  defined  effect  size  as  a  measure  of  how 
well  the  average  subject  who  received  the  treat- 
ment performed  relative  to  the  average  subject  who 
did  not  receive  the  treatment.  An  effect  size  of  zero 
indicates  that  the  average  subject  who  received  the 
treatment  performed  no  better  or  worse  than  the  av- 
erage subject  who  did  not  receive  the  treatment.  A 
positive  effect  size  indicates  that  the  treatment  had 
a  desirable  effect,  whereas  a  negative  effect  size  in- 
dicates the  treatment  had  undesirable  effects.  Borg 
and  Gall22  7  identified  an  effect  size  of  greater  than 
0.33  as  having  practical  significance  (ie,  the  effect 
is  large  enough  to  make  a  worthwhile  difference  in 
the  outcome).  The  fact  that  the  effect  size  was  3.31 
for  the  TA  checklist  and  1.86  for  the  CPT  checklist 
indicated  that  training  made  a  worthwhile  differ- 
ence in  clinical-instructor  scoring  performance. 

The  results  of  the  tests  of  statistical  significance, 
practical  significance,  and  point-to-point  inter- 
observer agreement  support  the  assertion  made  by 
Limon  et  aP  that  educators  cannot  make  assump- 
tions about  a  clinical  instructor's  ability  to  evaluate 
student  performance.  Thus,  an  instructor's  clinical 
competence  does  not  assure  his  or  her  ability  to 
evaluate  student  performance  without  formal  train- 
ing. The  results  of  this  study  indicate  that  training 
clinical  instructors  to  use  observation  instruments 
is  an  effective  method  for  assuring  accurate  evalua- 
tion of  student  performance  in  the  clinical  setting. 
Implications  of  this  study  for  theory  and  practice 
are  primarily  directed  toward  educators  who  are 
concerned  with  developing  and  using  reliable 
measures  of  student  clinical  performance. 

First,  as  reported  by  Limon  et  al,29  the  use  of 
volunteer  clinical  instructors  in  the  clinical  setting 
has  become  commonplace.  In  addition,  as  reported 
by  Cason  et  al,3  many  training  programs  rely  heavi- 


912 


RESPIRATORY  CARE  •  AUGUST  '93  Vol  38  No  8 


CLINICAL  INSTRUCTOR  TRAINING 


ly  on  observation  instruments  to  assess  student  per- 
formance in  the  clinical  setting.  Therefore,  pro- 
grams that  use  untrained  clinical  instructors  to  eval- 
uate student  performance  should  formally  train 
them  to  use  the  observation  instruments  and  then 
evaluate  the  effects  of  training.  As  demonstrated  in 
this  study,  the  effect  of  training  on  a  clinical  in- 
structor's ability  to  accurately  record  clinical  per- 
formance indicated  statistical  significance  and 
practical  significance. 

Second,  programs  currently  using  clinical 
instructors  trained  in  the  use  of  observation  in- 
struments should  periodically  evaluate  scoring  per- 
formance to  assess  continued  interrater  reliability. 
As  reported  by  Frick  and  Semmel,27  satisfactory 
rater  agreement  upon  the  completion  of  training 
does  not  guarantee  that  rater  skills  remain  constant 
over  time.  The  introduction  of  extraneous  variables 
in  the  clinical  setting  can  result  in  measurement  er- 
rors such  as  observer  bias  and  reactivity.  Kendall 
and  Butcher3"  recommended  periodic  reassessment 
of  the  adequacy  of  training  by  having  raters  score 
hypothetical  simulations  similar  to  those  used  dur- 
ing training.  Substandard  clinical  instructor  scoring 
performance  should  be  documented  and  be  fol- 
lowed by  appropriate  remediation  and  re- 
evaluation. 

Third,  programs  faced  with  the  possibility  of  us- 
ing volunteer  clinical  instructors  in  the  future  due 
to  budgetary  constraints  (ie,  loss  of  faculty  full- 
time  equivalents)  should  allocate  necessary  re- 
sources for  the  development,  implementation,  and 
evaluation  of  a  formal  clinical  instructor  training 
program.  Faculty  must  develop  instrumentation 
that  reflects  commonly  accepted  standards  of  pa- 
tient care  for  the  medical  community  served  by  that 
program.  The  development  of  standardized  man- 
uals, videotapes,  training  programs,  and/or  other 
appropriate  resources  is  a  time-consuming  and  la- 
bor-intensive process. 

Fourth,  educational  programs  located  close  to 
one  another  may  consider  working  collaboratively 
on  training  efforts.  This  could  be  particularly  ben- 
eficial when  programs  share  clinical  instructors 
and/or  clinical  affiliates.  Because  the  development 
and  implementation  of  formal  clinical  instructor 
training  can  tax  a  program's  financial  and  per- 
sonnel resources,  collaboration  may  reduce  the  im- 
pact that  training  efforts  have  on  each  program's 
operating  budget. 


Fifth,  because  observation  instruments  are  gen- 
erally procedure-specific,  and  competence  must  of- 
ten be  demonstrated  for  a  number  of  clinical  pro- 
cedures, program  faculty  may  wish  to  consider 
gradual  implementation  of  formal  training.  The 
method  used  in  this  study  to  train  clinical  in- 
structors to  evaluate  two  relatively  simple  pro- 
cedures (one  procedure  had  16  tasks  and  the  other 
had  21)  required  70  minutes  for  training  and  an  ad- 
ditional 30  minutes  for  conducting  the  posttest 
evaluation.  Additional  time  must  be  allocated  for 
remediation  and  re-evaluation  of  clinical  in- 
structors who  do  not  demonstrate  a  satisfactory  lev- 
el of  proficiency.  Gradual  implementation  not  only 
limits  the  negative  impact  that  formal  training  has 
on  a  program's  resources,  it  may  also  minimize  re- 
sistance that  clinical  instructors  may  demonstrate 
when  asked  to  volunteer  additional  time  for  the 
purpose  of  establishing  valid  and  reliable  measures 
of  student  clinical  performance. 

Sixth,  once  clinical  instructors  are  trained  to  use 
an  observation  instrument  and  the  posttest  evalua- 
tion is  administered,  group  scoring  performance  by 
tasks  in  the  procedure  can  be  analyzed  to  identify 
substandard  performance.  These  results  can  be 
used  to  redesign  instrumentation  (ie,  clarify  ob- 
servation categories  on  the  instrument  and  edit  seg- 
ments of  the  videotape)  or  to  reformulate  instruc- 
tion. 

Seventh,  once  interrater  reliability  is  established 
and  clinical  instructors  are  using  the  instrument  to 
evaluate  students  in  the  clinical  setting,  the  director 
of  clinical  education  can  analyze  group  per- 
formance by  task  to  identify  substandard  perform- 
ance. Tasks  incorrectly  performed  by  students  on  a 
consistent  basis  should  be  reviewed  and  discussed 
with  the  appropriate  faculty  member(s).  Instruction 
can  be  reformulated  and  student  competence  re- 
evaluated. 

Eighth,  once  interrater  reliability  is  established 
and  clinical  instructors  are  using  the  instrument  to 
evaluate  students  in  the  clinical  setting,  the  director 
of  clinical  education  can  use  results  to  provide  for- 
mative evaluation  throughout  the  term.  If  a  stu- 
dent's clinical  performance  is  substandard  at  the 
end  of  the  term  and  it  is  determined  that  he  or  she 
should  not  progress,  observation  instrument  results 
can  provide  necessary  documentation  to  sub- 
stantiate the  decision. 
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In  Conclusion 

The  results  of  this  study  indicate  that  a  formal 
training  program  utilizing  videotapes  is  an  effective 
method  of  training  clinical  instructors  to  use  check- 
list instruments  to  evaluate  student  performance  in 
the  clinical  setting. 

Further  research  should  be  conducted  to  increase 
the  literature  available  to  guide  respiratory  care  ed- 
ucators in  the  development,  implementation,  and 
evaluation  of  formal  training  for  clinical  instructors 
who  are  responsible  for  evaluating  student  per- 
formance. Implications  for  further  research  should 
include  the  following  refinement  and  extension  of 
this  study. 

First,  because  little  has  been  reported  in  the  lit- 
erature regarding  training  effectiveness  when  clin- 
ical instructors  are  trained  to  use  observation  in- 
struments, this  study  should  be  replicated  to 
determine  whether  the  results  are  generalizable  to 
other  respiratory  care  training  programs. 

Second,  this  study  examined  the  effects  of  clin- 
ical instructor  training  on  observation-instrument 
scoring  performance  in  a  controlled  setting.  Castorr 
et  al23  identified  the  maintenance  of  rater  training 
as  a  key  component  of  formal  training  because  rat- 
er decay  may  occur  in  the  clinical  setting  where  ex- 
traneous variables  are  introduced.  Therefore,  fur- 
ther research  should  be  conducted  on  the  effects  of 
clinical  instructor  training  on  observation- 
instrument  scoring  performance  in  the  clinical  set- 
ting. 

Third,  this  study  focused  on  the  effects  of  train- 
ing clinical  instructors  to  use  checklist  instruments 
to  evaluate  student  performance  for  procedures  that 
have  clearly  defined,  discrete  observation  cat- 
egories. However,  other  observation  instruments 
with  the  potential  for  greater  subjectivity  and  rater 
bias  may  be  required  for  evaluating  student  per- 
formance on  less  well-defined  procedures.  There- 
fore, further  research  should  be  conducted  to  de- 
termine whether  this  training  method  is  as  effective 
when  rating  scales,  anecdotal  records,  or  the  crit- 
ical incident  technique  is  used  to  assess  student 
clinical  performance. 

Fourth,  this  study  focused  primarily  on  training 
clinical  instructors  to  use  observation  instruments 
to  evaluate  psychomotor  skills.  Further  research 
should   be   conducted   to  determine   whether  this 


method  is  an  effective  means  of  training  clinical  in- 
structors to  use  observation  instruments  to  assess 
affective  behaviors  in  the  clinical  setting. 

Fifth,  we  employed  the  randomized  control  group 
posttest-only  design  to  prevent  interaction  of  pre- 
testing. This  interaction  can  occur  when  a  pretest- 
posttest  design  is  used.  However,  the  randomized 
control  group  posttest-only  design  also  has  limita- 
tions. Although  groups  are  assumed  to  be  equiva- 
lent prior  to  the  treatment  because  assignment  is 
random,  initial  differences  between  the  comparison 
and  control  groups  may  not  be  fully  eliminated. 
Therefore,  further  research  should  be  conducted  to 
determine  whether  this  training  method  is  as  ef- 
fective when  using  a  randomized  control  group  pre- 
test-posttest  design,  or  a  randomized  control  group 
pretest-posttest  design  that  employs  a  matching 
technique. 

Finally,  this  study  examined  the  effects  of  train- 
ing on  observation  instrument  scoring  performance 
for  volunteer  clinical  instructors,  not  for  faculty 
employed  by  the  program.  Therefore,  further  re- 
search should  be  conducted  to  examine  the  training 
needs  of  faculty  members. 
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Evaluation  of  the  Agreement  between  Portable  Peak 
Flow  Meters  and  a  Calibrated  Pneumotachometer 

Mark  Simmons  MSEd  RPFT  RRT,  Tiffany  Wynegar  BS  CRTT,  and 
Dean  Hess  M Ed  RRT 


INTRODUCTION:  Peak  flow  meters  (PFMs)  are  commonly  used  in  the  hospital 
and  in  the  home  to  evaluate  the  response  to  bronchodilator  therapy.  The  purpose 
of  this  study  was  to  evaluate  the  agreement  between  four  commercially  available 
PFMs  and  a  calibrated  pneumotachometer.  MATERIALS  &  METHODS:  Four 
PFM  brands  were  tested  (Pulmo-Graph,  Pocket,  Assess,  and  Mini-Wright).  Man- 
ufacturers supplied  four  of  each  brand  for  evaluation.  Each  device  was  evaluated 
when  new  and  again  after  200  uses,  at  an  altitude  of  150  m  above  sea  level.  Peak 
flow  readings  measured  by  these  devices  were  compared  to  peak  flow  readings 
measured  simultaneously  using  a  calibrated  pneumotachometer.  Peak  flows  gener- 
ated by  2  healthy  subjects  ranged  from  80-800  L/min.  Statistical  analysis  consisted 
of  calculations  of  mean  (SD),  bias,  and  ANOVA.  RESULTS:  A  significant  differ- 
ence was  observed  in  the  bias  among  the  four  peak  flow  meter  brands  (p  <  0.001 ). 
The  bias  changed  after  200  uses  for  the  Assess  (p  =  0.046)  and  for  the  Pulmo- 
Graph  (p  <  0.001)  but  not  for  the  Mini-Wright  (p  =  0.558)  or  the  Pocket  <p  = 
0.267).  A  significant  difference  was  also  observed  in  the  bias  among  the  four  units 
tested  for  each  brand  (p  <  0.01  in  each  case).  The  Assess  indicated  flows  less  than 
did  the  pneumotachometer  at  low  to  medium  flows,  but  was  in  agreement  ±10%  of 
the  pneumotachometer  at  high  flows.  The  Mini-Wright  indicated  flows  greater 
than  the  pneumotachometer  at  low  flows,  less  than  the  pneumotachometer  at  high 
flows,  and  was  in  agreement  ±10%  of  the  pneumotachometer  at  medium  flows. 
The  Pulmo-Graph  indicated  flows  less  than  the  pneumotachometer  at  high  flows, 
and  was  in  agreement  ±10%  of  the  pneumotachometer  at  low  to  medium  flows. 
The  Pocket  was  in  agreement  ±10%  of  the  pneumotachometer  over  the  entire  flow 
range.  CONCLUSION:  Because  we  observed  differences  in  the  bias  of  the  PFM 
brands  evaluated,  we  recommend  that  when  serial  measurement  of  peak  flow  is 
used  to  guide  management  of  reversible  airways  disease,  the  same  device  always  be 
used  in  a  given  patient.  |RespirCare  1993;38(8):916-922.] 
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Introduction 

The  measurement  of  peak  expiratory  flowrates 
(PEFRs)  with  the  use  of  commercially  available, 
inexpensive,  portable  peak  flow  meters  (PFMs)  has 
become  a  valuable  aid  in  monitoring  pulmonary 
function  in  both  hospitalized  and  non-hospitalized 
patients. 

The  National  Asthma  Education  Program 
(NAEP)  has  placed  emphasis  on  PEFR  monitoring 
to  detect  changes  in  pulmonary  function.1  The 
NAEP  now  recommends  that  patients  with  asthma 
use  a  PFM  to  monitor  PEFRs  at  least  twice  daily  (7 
am  and  7  pm).  According  to  the  NAEP.  PEFR 
measurement  is  a  valuable  tool  for  detecting  air- 
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flow  obstruction,  for  monitoring  response  to  ther- 
apy, and  for  detecting  asymptomatic  deterioration.' 
Frequent  and  accurate  monitoring  of  PEFRs  should 
provide  better  patient  assessment,  more  timely  and 
appropriate  pharmacologic  intervention,  increased 
patient  education,  and  improved  patient-physician 
interaction;  should  lead  to  a  decrease  in  emergency 
department  visits  and  hospitalizations;  and  should 
help  to  reduce  medical  costs.  However,  if  the  de- 
vices used  to  measure  PEFRs  are  not  accurate,  then 
the  usefulness  of  PEFR  measurement  is  also  in 
question. 

In  this  study  we  sought  to  evaluate  the  agree- 
ment between  four  brands  of  commercially  avail- 
able portable  PFMs  and  a  calibrated  pneumo- 
tachometer.  Intrabrand  consistency  was  also  evalu- 
ated. 

In  general,  PFMs  consist  of  a  plastic  housing,  a 
mouthpiece  insertion  port,  and  one  or  more  exhaust 
ports  from  which  exhaled  gas  escapes.  Internally,  a 
spring-loaded  piston  slides  on  a  stainless  steel  rod. 
As  the  force  of  a  subject's  exhaled  gas  pushes  the 
piston  forward,  the  spring  tension  increases.  When 
the  spring  tension  and  force  of  the  exhaled  gas  on 
the  piston  are  equal,  the  piston  stops  its  forward 
motion.  As  exhaled  flow  decreases,  the  spring  pulls 
the  piston  back  to  its  resting  position.  Peak  flow- 
rates  can  be  determined  by  reading  the  sliding  in- 
dicator that  is  displaced  by  the  piston.  This  in- 
dicator marks  the  maximum  flow  achieved  on  the 
calibrated  scale  of  the  device  and  should  be  reset 
after  each  expiratory  maneuver.  Three  of  the 
brands  we  tested  (Assess,  Mini- Wright,  and  Pulmo- 
Graph)  incorporate  a  spring-loaded  piston,  whereas 
the  Pocket  uses  a  flexible  vane  of  tempered  stain- 
less steel  affixed  at  one  end.  As  a  subject  exhales, 
this  vane  bends  in  response  to  the  patient's  flow- 
rates,  and  pushes  the  indicator  forward.  At  the  end 
of  exhalation,  the  vane  returns  to  its  resting  posi- 
tion. 

Materials  and  Methods 

Four  PFM  brands  were  evaluated:  Pulmo- 
Graph.*  Assess.  Wright  Pocket,  and  Mini-Wright. 
Four  units  of  each  brand  were  tested  at  three  levels 

*Suppliers  are  identified  in  the  Product  Sources  section  at  the 
end  of  the  text. 


of  flow:  high  (>  500  L/min).  medium  (250-500  L/ 
min),  and  low  (<  250  L/min).  The  PFMs  were  in- 
dividually connected  to  the  distal  end  of  an  un- 
heated,  calibrated  pneumotachometer  to  simultane- 
ously measure  peak  flows.  The  pneumotachometer 
was  calibrated  with  the  PFMs  attached  to  com- 
pensate for  any  increased  'back'  pressure  (ie.  re- 
sistance) or  turbulence  created  by  the  devices.  The 
methodology  used  in  this  study  was  similar  to  that 
used  in  the  previously  published  evaluation  of  PFM 
accuracy  by  Shapiro  et  al.: 

Peak  flows  were  generated  by  two  healthy  sub- 
jects. The  peak  flows  evaluated  ranged  from 
approximately  80  to  800  L/min  and  were  obtained 
by  varying  subject  effort  and  by  using  an  in-line  re- 
sistor (7-mm  endotracheal  tube  adapter)  at  the  sub- 
ject's mouth.  The  PFMs  were  tested  at  approx- 
imately 150  m  above  sea  level  in  an  ambient  tem- 
perature of  24°C.  The  PFMs  were  attached  to  the 
distal  end  of  the  pneumotachometer  and  were 
maintained  in  the  position  recommended  by  the 
manufacturers  during  normal  usage  (Fig.  1).  After 
each  maneuver,  the  PFM  and  pneumotachometer 
readings  were  recorded.  Five  maneuvers  were  re- 
corded for  each  of  the  three  flow  ranges  for  each 
PFM.  This  resulted  in  15  maneuvers  for  each  PFM. 
The  order  of  testing  for  the  different  flowrates 
(high,  medium,  low)  was  randomized  throughout 
the  study.  After  the  PFMs  were  tested  as  new,  they 
were  distributed  to  normal  subjects  who  were  in- 
structed to  use  the  PFM  200  times  over  a  week's 
time  period.  No  problems  were  reported.  The 
PFMs  were  then  re-evaluated  as  before  and  the  bias 
compared  to  that  observed  when  the  PFMs  were 
new. 


Portable  Peak 
Pneumotachometer  1  ||  1 1 1 1 1 1 1 1 1 1  |"T 
Flow  Meter 


Fig.  1.  Diagram  of  peak-flow  measuring  assembly. 

For  each  pair  of  measurements,  bias  was  cal- 
culated as  the  difference  between  the  PFM  and  the 
pneumotachometer.  This  bias  was  plotted  as  a  func- 
tion  of  the   average   of  the   PFM   and   pneumo- 
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tachometer  flows.  A  scattergram  of  PFM  and  pneu- 
motachometer  flows  was  also  produced.  Differ- 
ences in  bias  among  the  four  PFM  brands  were 
evaluated  using  one-way  analysis  of  variance 
(ANOVA).  Differences  in  bias  among  the  four  de- 
vices of  each  brand  and  between  flows  when  new 
and  used  (ie,  after  200  uses)  were  also  evaluated  us- 
ing one-way  ANOVA.  p  <  0.05  was  considered  sig- 
nificant. All  statistical  analysis  was  performed  us- 
ing commercially  available  computerized  software 
and  standard  methodology.34 

Results 

The  Assess  indicated  flows  less  than  the  pneu- 
motachometer  at  low  to  medium  flows,  but  agreed 
well  (±10%)  with  the  pneumotachometer  at  high 
flows  (Fig.  2).  The  Mini-Wright  recorded  flows 
greater  than  the  pneumotachometer  at  low  flows, 
less  than  pneumotachometer  at  high  flows,  and 
agreed  well  (±10%)  with  the  pneumotachometer  at 
medium  flows  (Fig.  3).  The  Pulmo-Graph  produced 
flows  less  than  the  pneumotachometer  at  high 
flows  and  was  in  agreement  (±10%)  with  the  pneu- 
motachometer at  low  to  medium  flows  (Fig.  4).  Ex- 
cept for  two  isolated  flow  measurements,  the  Pock- 
et was  in  agreement  (±10%)  with  the  pneumotach- 
om-eter  over  the  entire  flow  range  (Fig.  5). 

There  was  a  significant  difference  in  bias  be- 
tween the  four  PFM  brands  (p  <  0.001  in  each 
case)  at  low,  medium,  and  high  flowrates.  The  bias 
changed  after  200  uses  for  the  Assess  (p  =  0.046) 
and  for  the  Pulmo-Graph  (p  <  0.001 )  but  not  for  the 
Wright  (p  =  0.558)  or  the  Pocket  (p  =  0.267). 

When  we  compared  one  brand  of  PFM  to  an- 
other, the  results  demonstrate  that  at  low  to  me- 
dium flows,  the  flows  measured  by  the  four  brands 
differ  by  as  much  as  100  L/min.  At  high  flowrates, 
the  flows  differ  by  as  much  as  160  L/min.  Also,  a 
significant  difference  is  present  in  the  bias  between 
the  four  units  tested  for  each  brand  (p  <  0.01  in 
each  case). 

Discussion 

The  PFM  is  an  important  tool  for  detecting 
asymptomatic  deterioration  in  the  status  of  an  asth- 
matic and  in  the  monitoring  of  treatment  effective- 
ness. According  to  the  NAEP  expert  panel  report,1 


100   200   300   400   500   600   700   800   900 

Pneumotachometer  (L/min) 

Fig.  2A.  Measured  vs  actual  PEFR  for  the  Assess  PFM. 
This  scattergram  contains  all  measured  flows  under  both 
new  and  used  conditions.  The  center  line  is  the  line  of 
identity,  and  lines  representing  +10%  and  -10%  from  the 
pneumotachometer  measurement  are  indicated. 


300      400       500       600 
Mean  (L/min) 

2B.  The  PFM  reading  minus  the  pneumotachometer 
reading  is  plotted  on  the  Y-axis  for  the  Assess  PFM.  The 
mean  of  the  PFM  and  the  pneumotachometer  readings  is 
plotted  on  the  X-axis.  This  scattergram  contains  all 
measured  flows  under  new  and  used  conditions,  and  the 
line  represents  the  best  fit  of  the  data. 

a  decrease  in  a  patient's  PEFR  to  50-80%  of  their 
baseline  ("personal  best")  PEFR  may  indicate  that 
an  acute  exacerbation  is  present  and  that  a  tem- 
porary increase  in  medication  may  be  needed.  If 
values  drop  to  <  50%  of  the  patient's  baseline,  a 
bronchodilator  is  to  be  taken  and  if  flows  do  not 
improve,   medical   attention   sought.1   Our  results 
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Fig.  3A.  Measured  vs  actual  PEFR  for  the  Mini-Wright 
PFM.  This  scattergram  contains  all  measured  flows  un- 
der both  new  and  used  conditions.  The  center  line  is  the 
line  of  identity,  and  lines  representing  +10%  and  -10% 
from  the  pneumotachometer  measurement  are  indicated. 
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3B.  The  PFM  reading  minus  the  pneumotachometer 
reading  is  plotted  on  the  Y-axis  for  the  Mini-Wright  PFM. 
The  mean  of  the  PFM  and  the  pneumotachometer  read- 
ings is  plotted  on  the  X-axis.  This  scattergram  contains 
all  measured  flows  under  new  and  used  conditions,  and 
the  line  represents  the  best  fit  of  the  data. 

demonstrate  a  significant  difference  in  bias  among 
the  four  brands  tested  and  also  a  significant  differ- 
ence in  bias  among  the  four  units  of  a  given  brand. 
This  suggests  that  when  serial  peak  flows  are  per- 
formed, the  same  PFM  should  be  used.  A  change  in 
recorded  PEFR  due  only  to  the  use  of  a  different 
PFM  could  lead  to  the  incorrect  assessment  of  pa- 
tient improvement  or  deterioration.  Use  of  different 


PFMs  in  the  home  is  probably  not  a  common  prob- 
lem because  patients  are  not  likely  to  have  more 
than  one  PFM  available  to  them.  Incorrect  assess- 
ment is  more  likely  to  occur  when  patients  leave 
the  home  environment  and  are  tested  in  a  doctor's 
office,  emergency  department,  or  hospital  setting 
with  PFMs  other  than  the  one  on  which  their  base- 
line  was   established.    Because   of  this,   we   rec- 


100     200     300     400     500     600     700     800      900 
Pneumotachometer  (LVmin) 

Fig.  4A.  Measured  vs  actual  PEFR  in  Lvmin  for  the  Pul- 
mo-Graph  PFM.  This  scattergram  contains  all  measured 
flows  under  both  new  and  used  conditions.  The  center 
line  is  the  line  of  identity,  and  lines  representing  +10% 
and  -10%  from  the  pneumotachometer  measurement 
are  indicated. 
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4B.  The  PFM  reading  minus  the  pneumotachometer 
reading  is  plotted  on  the  Y-axis  for  the  Pulmo-Graph 
PFM.  The  mean  of  the  PFM  and  the  pneumotachometer 
readings  is  plotted  on  the  X-axis  in  L/min.  This  scatter- 
gram contains  all  measured  flows  under  new  and  used 
conditions,  and  the  line  represents  the  best  fit  of  the 
data. 
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Fig.  5A.  Measured  vs  actual  PEFR  for  the  Pocket  PFM. 
This  scattergram  contains  all  measured  flows  under  both 
new  and  used  conditions.  The  center  line  is  the  line  of 
identity,  and  lines  representing  +10%  and  -10%  from  the 
pneumotachometer  measurement  are  indicated. 
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5B.  The  PFM  reading  minus  the  pneumotachometer 
reading  is  plotted  on  the  Y-axis  for  the  Pocket  PFM.  The 
mean  of  the  PFM  and  the  pneumotachometer  readings  is 
plotted  on  the  X-axis.  This  scattergram  contains  all 
measured  flows  under  new  and  used  conditions,  and  the 
line  represents  the  best  fit  of  the  data. 

ommend  that  patients  use  their  own  PFMs  when 
having  their  PEFRs  assessed  outside  the  home. 
Harm  and  associates5  have  also  recommended  this 
as  a  result  of  their  study.  We  further  recommend 
that  the  same  PFM  be  used  when  serial  PEFRs  are 
being  monitored,  as  may  occur  in  a  hospital  setting. 
Interchanging  PFMs  may  result  in  unreliable  in- 
dications of  improvement  or  deterioration. 


The  PFMs  were  also  tested  under  new  and  used 
conditions  (after  200  uses).  In  the  home  setting. 
200  uses  may  occur  within  a  period  of  a  few 
weeks,  depending  on  usage.  Some  manufacturers 
state  that  the  life  of  their  device  is  2-5  years.  Our 
results  demonstrate  that  the  bias  changed  for  the 
Assess  and  the  Pulmo-Graph  but  not  for  the  Mini- 
Wright  or  the  Pocket  after  200  uses.  In  our  opinion, 
the  change  in  bias  over  this  short  period  of  usage  is 
not  clinically  important,  and  we  do  not  recommend 
replacing  PFMs  every  few  weeks.  Further  research 
needs  to  be  done  to  evaluate  the  change  in  bias 
over  a  longer  period  of  time. 

Accuracy  is  not  the  only  factor  to  be  considered 
in  PFM  performance.  Reproducibility  of  results  is 
also  important.  Although  this  study  was  not  de- 
signed for  evaluation  of  reproducibility  of  measure- 
ments, reproducibility  may  be  inferred  from  the 
'tight'  pattern  of  peak  flow  meter/pneumotachom- 
eter  reading  displayed  on  the  graphs  (Figs.  2-5). 
Gardner  et  al6  did  evaluate  reproducibility  of  PFMs 
and  found  flows  for  the  devices  tested  to  be  very 
reproducible. 

Patient  technique  and  effort  are  also  important 
considerations  in  PFM  performance  and  for  evalua- 
tion of  results.  Unless  consistent  and  proper  tech- 
nique are  used  and  maximum  effort  expended,  the 
measurements  obtained  are  not  valid  and  device  ac- 
curacy or  reproducibility  is  of  little  importance. 
The  National  Heart,  Lung  and  Blood  Institute 
(NHLBI)  Statement  on  Technical  Standards  for 
PFMs7  provides  guidelines  for  an  acceptable  PEFR 
maneuver.  Taking  a  deep  breath  prior  to  placing 
the  PFM  device  into  the  mouth  and  sealing  the  lips 
around  the  mouthpiece  are  very  important.  Some 
devices  with  a  one-way  valve  (Mini-Wright)  and 
others  due  to  their  construction  (Pocket)  do  not  al- 
low inspiration  to  take  place  through  the  device.  If 
complete  inspiration  does  not  take  place  prior  to 
device  use,  maximal  flows  cannot  be  achieved.  We 
would  also  like  to  stress  the  importance  of  not 
blocking  the  exhalation  ports  or  hindering  the 
movement  of  the  indicator.  Blockage  of  the  exhala- 
tion ports  may  result  in  falsely  elevated  readings. 
Hindering  movement  of  the  indicator  also  results  in 
lowered  readings.  It  is  also  important  to  hold  the 
device  in  the  proper  position.  Miller  et  als  reported 
that  flows  were  significantly  lower  above  180  L/ 
min  when  Mini-Wright  PFMs  were  used  in  a  ver- 
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tical  position  compared  to  the  recommended  hor- 
izontal position.  Further  testing  is  indicated. 

Comparing  our  results  to  previous  studies  is  dif- 
ficult. Some  studies2'4' '"  were  done  prior  to  the  re- 
lease of  the  NHLBI  statement  on  technical  stan- 
dards for  peak  flow  meters.7  Pretto  et  alC)  reported 
the  Mini-Wright  to  overestimate  flow  by  an  aver- 
age of  45  L/min  when  compared  to  flowrates  meas- 
ured by  pneumotachograph.  Shapiro  et  al2  reported 
that  the  Assess  underestimated  peak  flow  at  values 

<  350  L/min  and  generally  overestimated  PEFR  at 
values  >  350  L/min.  They  also  reported  that  the 
Mini-Wright  consistently  overestimated  PEFRS  < 
400  L/min  but  was  reasonably  accurate  at  PEFRs  > 
400  L/min.  Since  then,  manufacturers  have  had  the 
opportunity  to  make  design  changes  to  comply 
with  these  standards.  For  our  study,  the  man- 
ufacturers of  the  Assess  and  the  Pocket  stated  that 
their  PFMs  met  the  NHLBI/NAEP  standards.  The 
Wright  and  the  Pulmo-Graph  PFMs  had  no  such 
statement  on  their  package  inserts. 

Our  study  utilized  a  physiologically  generated 
waveform  produced  by  two  healthy  subjects,  adopt- 
ing methodology  similar  to  that  of  Shapiro  et  al.2 
Other  studies'1  "  have  been  conducted  using  the  rec- 
ommended machine-generated  waveform  24  from 
the  American  Thoracic  Society  Standard  Test 
Waveform  Set.12  Gardner  et  al6  reported  that  the 
Assess  was  accurate  (±10%)  for  flows  <  500  L/min 
but  that  it  underestimated  flows  >  500  L/min.  They 
reported  that  the  Mini-Wright  overestimated  flows 

<  400  L/min  but  that  it  was  accurate  (±10%)  at 
flows  >  400  L/min.  They  reported  that  the  Pocket 
overestimated  flows  <  450  L/min  and  that  it  was 
accurate  (±10%)  at  flows  >  450  L/min.  Imbruce" 
reported  that  the  Assess  was  accurate  over  the  en- 
tire flow  range  (±10%).  He  reported  that  the  Mini- 
Wright  overestimated  flowrates  <  500  L/min  and 
that  it  was  accurate  (±10%)  at  flows  >  500  L/min. 
The  Pocket  was  reported  to  overestimate  flows  < 
500  L/min  but  was  accurate  (±10%)  at  flows  >  500 
L/min. 

Some  concern  has  been  raised  concerning  the 
use  of  a  machine-generated  waveform  as  the  stan- 
dard method  for  testing  PFM  accuracy.  Pretto  et  al9 
reported  differences  in  accuracy  measurements 
when  flows  were  generated  by  human  subjects 
compared  to  those  generated  by  an  explosive  de- 
compression device.  They   suggested  that   PFMs 


may  vary  in  their  susceptibility  to  inaccuracy  when 
measuring  a  rapid,  unphysiologic  peak  flow  as  gen- 
erated by  a  decompression  device.  They  suggest 
that  accuracy  data  obtained  from  human  subjects 
may  be  more  relevant.  The  significance  of  this  dif- 
ference in  methodology  is  unknown  and  should  be 
a  subject  for  further  investigation. 

Conclusion 

When  compared  to  a  calibrated  pneumotachom- 
eter,  the  agreement  of  the  PFMs  that  we  evaluated 
was  surprisingly  good.  Although  we  and  others 
have  identified  some  inadequacies  in  PFM  per- 
formance,2,6'8"" these  devices  perform  well  when 
their  low  cost  and  simple  design  are  considered. 

We  did.  however,  find  a  significant  difference  in 
bias  between  PFM  brands  and  between  devices 
within  a  brand.  We  also  found  significant  changes 
in  bias  after  200  uses  for  some  of  the  devices.  Due 
to  differences  in  bias  between  PFM  brands  and  de- 
vices, we  recommend  that  the  same  PFM  be  used 
when  serial  PEFRs  are  being  assessed.  Although 
these  devices  are  relatively  accurate,  we  recom- 
mend that  manufacturers  continue  to  investigate 
methods  to  improve  them. 
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Capnometry  in  the  Surgical  ICU:  An  Analysis  of  the 
Arterial-to-End-Tidal  Carbon  Dioxide  Difference 

John  M  Graybeal  CRTT  and  Garfield  B  Russell  MD 

BACKGROUND:  Capnometry  offers  a  continuous  measurement  of  the  end-tidal 
carbon  dioxide  tension  (PetCCta)  that  is  thought  to  predict  arterial  carbon  dioxide 
tension  1 1 '.,<  ■<>.•>  and  to  be  useful  in  monitoring  and  adjusting  mechanical  ventila- 
tion in  the  Intensive  Care  Unit  (ICU).  METHODS:  We  designed  a  study  to  ex- 
amine the  relationship  between  the  Pac<)2  and  the  PetC02  m  surgical  ICU  pa- 
tients. We  pooled  data  from  our  previous  experiments  in  the  ICU  setting.  In 
addition  to  evaluating  the  correlation  between  the  Pat02  and  the  PetC02>  we  com- 
pared the  sequential  changes  in  Pac<)2  and  Pet0O2  (APac()2  and  APetC02)>  To  be 
clinically  useful  as  a  predictor  of  PaC02>  the  APett'02  should  very  closely  ap- 
proximate the  APacoi-  RESULTS:  A  total  of  693  pairs  of  PaC02  and  PetCCta  meas- 
urements were  included  in  the  analysis.  The  PetCf)2  did  demonstrate  a  statistical 
correlation  with  the  PaCCta-  However,  in  a  large  number  of  individuals  (51/80), 
there  was  a  poor  correlation  between  the  two  variables,  and  31.3%  of  the 
APetC()2s  did  not  predict  APa(<)2-  CONCLUSION:  Although  capnometry  may  be 
useful  for  other  reasons,  we  conclude  from  the  data  presented  that  the  continu- 
ous measurement  of  PetCCta  cannot  reliably  replace  measurement  of  PaC02  in  the 
ICU  setting.  [RespirCare  1993:38(8):923-928.] 


Background 

Capnometry,  the  measurement  of  the  carbon  di- 
oxide tension  in  respiratory  gases,  has  become  the 
standard  of  practice  during  the  administration  of 
general  anesthesia.1,2  Use  of  capnometry  has  ex- 
tended to  mechanically  ventilated  patients  in  the  In- 
tensive Care  Unit  (ICU).  Several  advantages  (in- 
cluding the  provision  of  another  disconnect  alarm, 
a  monitor  of  ventilatory  adequacy,  a  continuous  es- 
timate of  arterial  carbon  dioxide  tension,3  and  ".  .  . 
an  early  warning  and  evidence  of  this  problem  [res- 
piratory acidosis]  when  the  bedside  clinical  picture 
is  clouded  by  other  organ  systems  that  are  in  fail- 
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ure"3)  have  been  purposed  without  significant 
documentation. 

In  healthy  adults,  the  carbon  dioxide  tension  at 
end-expiration,  or  the  end-tidal  carbon  dioxide  ten- 
sion (PetCO:).  should  closely  approximate  the  alveo- 
lar carbon  dioxide  tension,  which  should  be  equiva- 
lent to  the  arterial  carbon  dioxide  tension  (Paco:)-4 
In  healthy  adults,  this  would  allow  continuous  mea- 
surement of  Petco:  to  provide  a  continuous  indica- 
tor of  Paco:-  It  has  been  shown  that  the  arterial-to- 
end-tidal  carbon  dioxide  difference  [Pu-etico:]  is 
small  and  stable  in  healthy  adults,  being  reported  to 
be  -0.9  ±  1.8  torr  in  awake,  healthy  volunteers.5  It 
is  unclear  whether  this  same  relationship  exists  in 
critically  ill,  mechanically  ventilated  patients  in  the 
ICU. 

For  this  reason,  we  conducted  an  analysis  of  the 
relationship  between  the  Paco;  and  the  PetC02  in 
mechanically  ventilated  ICU  patients.  We  reviewed 
and  pooled  data  from  our  previous  experiments 
evaluating  the  Paco:  and  PLtco;  relationship.  Our 
aim  was  to  test  the  hypothesis,  using  correlation 
analysis  on  Paco2  and  Petco:  from  individual  pa- 
tients, that  continuous  measurement  of  PetCO:  pro- 
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vides  a  continuous,  reliable  monitor  capable  of  pre- 
dicting changes  in  both  direction  and  magnitude  of 
the  PaCO:.  which  implies  that  the  P(a-enco2  is  stable 
in  mechanically  ventilated,  critically  ill  patients. 

Methods 

Following  Clinical  Investigations  Committee  ap- 
proval, we  studied  80  surgical  ICU  patients  admit- 
ted for  a  variety  of  problems  including,  motor  vehi- 
cle accident,  gunshot  wound,  traumatic  amputation, 
closed  head  injury,  intracranial  hematoma,  coro- 
nary artery  bypass  graft,  and  cardiac  valve  replace- 
ment surgery.  All  patients  were  clinically  stable 
and  receiving  mechanical  ventilation,  in  either  the 
synchronous  intermittent  mandatory  ventilation  or 
the  pressure-controlled  mode.  All  patients  had  a  ra- 
dial artery  catheter  placed  for  hemodynamic  mon- 
itoring and  blood  gas  sampling.  A  mainstream  in- 
frared capnometer  (Hewlett  Packard  78520A),  cali- 
brated as  recommended  by  the  manufacturer,  was 
used  to  measure  PetCC-2-  Arterial  blood  gas  samples 
were  obtained  when  clinically  indicated  and  were 
analyzed  for  pH,  PaCO:.  and  PaCh  in  the  clinical 
laboratory  with  an  IL-1323  Blood  Gas  Analyzer 
(Instrumentation  Laboratory,  Lexington  MA).  Paco2 
values  were  corrected  for  body  temperature.  The 
Petco:  from  the  end-expiratory  plateau  of  the  cap- 
nogram  was  recorded  at  the  time  each  arterial 
blood  gas  sample  was  obtained. 


.2  50 

y40 
Q. 


Paco2  (torr) 

Fig.  1.  A  total  of  693  Paco2  and  Petco2  pairs  were  ob- 
tained from  80  ICU  patients.  Linear  regression  dem- 
onstrates a  significant  correlation  for  the  entire  popula- 
tion, with  r  =  0.523.  The  slope  of  the  regression  line,  y  = 
10.6  +  0.51  x,  indicates  a  tendency  for  the  PetC02  to  un- 
derestimate the  Paco2  at  higher  values. 


Data  sets  for  P(a-et)C02  and  Paco:  from  each  in- 
dividual patient  were  compared  by  linear  regres- 
sion.6 A  p  value  <  0.05  was  considered  significant. 

To  test  the  reliability  of  PetCO:  for  predicting 
changes  in  magnitude  and  direction  of  the  Paco2- 
the  changes  in  Paco2  (APaco2)  and  Petco2  (APetco:) 
were  calculated  by  subtracting  the  current  value  for 
PaC02  or  Petcc>2  from  the  previous  value  for  Pacc>2 
or  Petcc>2-  The  resulting  pairs  of  APacc>2  and 
APetco2  were  divided  into  two  groups.  Group  1 
contains  all  pairs  in  which  the  APaco2  and  APetco2 
showed  agreement  in  the  direction  of  change. 
Group  2  contains  all  pairs  that  show  disagreement 
in  the  direction  of  change.  Group  2  was  further  di- 
vided into  Group  2a,  in  which  the  Paco2  increased 
while  the  PetC02  decreased,  and  Group  2b,  in  which 
PaC02  decreased  while  PetC02  increased. 

Results 

A  total  of  693  Pac02  and  Petco2  pairs  were  ob- 
tained from  80  patients,  with  a  mean  (SD)  of  8.6 
(8.5)  per  patient.7"9  There  was  a  significant  correla- 
tion between  Pac02  and  PetC02  for  the  entire  popula- 
tion, with  r  =  0.523  (Fig.  1 ).  When  linear  regression 
was  performed  on  data  pairs  from  individual  pa- 
tients, only  29  patients  (36%)  demonstrated  a  signif- 
icant correlation  between  PaC02  and  PetC02-  the 
range  of  correlation  coefficients  was  0.994  to  0.037 
(Fig.  2).  The  mean  (SD)  P(*-et)C02  was  8.2  (7.7)  torr 
(Fig.  3).  When  the  P(a-et>co2  and  Paco2  pairs  were 
compared,  there  was  a  significant  positive  correla- 
tion (with  r  =  0.507,  slope  =  0.490;  Fig.  4). 
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Fig.  2.  The  frequency  distribution  of  individual  correlation 
coefficients  between  the  Paco2  and  the  Petco2  in  80  ICU 
patients.  Although  clearly  shifted  toward  high  r  values, 
there  are  a  significant  number  of  very  low  r  values,  in- 
dicating poor  correlation  between  the  two  variables, 
PaC02  and  Petco2- 
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Fig.  3.  The  P<a-et)C02  measured  in  693  samples.  The 
mean  (SD)  was  8.2  (7.7)  torr.  There  is  a  tendency  for  the 
P(a-et)C02  to  increase  at  higher  Pacc>2  levels. 


PaC02  (torr) 


Fig.  4.  The  P(a-et)C02  increased  in  relation  to  the  Paco2, 
r  =  0.507,  slope  =  0.490. 

A  total  of  613  APaco:  and  APetccn  pairs  were 
calculated.  Despite  the  positive  correlation  between 
the  PaCO:  and  Petccn.  31.3%  of  all  APaco2  and 
APetco2  pairs  (n  =  192)  demonstrated  disagreement 
in  the  direction  of  change  (Group  2,  Fig.  5).  These 
were  approximately  equally  distributed  between 
Groups  2a  (n  =  84)  and  2b  (n  =108). 

Discussion 

Review  of  Related  Literature 

A  review  of  the  literature  was  conducted,  seek- 
ing to  find  other  articles  evaluating  capnometry  in 
the  surgical  ICU  population,  using  MEDLINE, 
Current  Contents,  and  the  reference  lists  of  review 
articles    published    on    the    relationship    between 


50- 

40. 

30' 

Group  2b 

Group  1 

t     20- 

o 

-•    "       -. 

CM      10- 

o 

■    ,    "' 

i.i'-Jz. ':". 

'"■:■■ 

-•^T-  - 

■: 

..  |-..S^! 

z-^c  ■' 

<-10. 

•  :r-"~ 

-20- 

-30' 
-40- 

Group  1 

Group  2a 

APaco2  (torr) 
Fig.  5.  Measured  simultaneous  APaco2  and  APetc02  in  80 
ICU  patients.  Of  613  total  comparisons,  192  APetc02  in- 
correctly predicted  the  direction  of  APac02  (Group  2),  108 
occurred  in  Group  2a,  84  in  Group  2b.  Changes  smaller 
than  5  torr  for  both  the  Paco2  and  PetC02  are  inside  of  the 
boxed  area  of  the  graph. 

PaCOz  and  Petco:-  All  studies  reporting  more  than 
one  determination  of  Paco:  and  Petco:  per  subject 
in   the   adult   surgical   population   were   included. 

Data  were  extracted  from  seven  previously  pub- 
lished studies  reporting  the  relationship  between 
PaC02  and  Petco2  in  adult  ICU  patients.1"'16  Two  of 
these  report  findings  from  a  mixed  medical  and  sur- 
gical population; i:  l4the  others  report  findings  from 
the  surgical  population  alone.101113'516  Most  pa- 
tients were  postoperative  cardiac  surgery  patients. 
Four  studies  included  evaluation  of  the  PetC02  and 
PaC02  relationship  during  weaning  from  mechanical 
ventilation.12,13'15'16  A  total  of  159  patients  were 
studied  [mean  (SD)  =  22.7  (8.5)  per  study]  and  820 
PaC02  and  Petco2  data  pairs  reported  [mean  (SD)  = 
117.1  (78.9)  per  study].  The  range  of  Paco2  varied 
from  35  (6)'6  to  42.2  (5.1)"  torr  while  the  Petcc>2 
varied  from  31  (6)16  to  38.5  (7.3)"  torr.  The  report- 
ed P(a-et)C02  ranged  from  3.2  (2.8)'°  to  4.8  (2.0)" 
torr.  These  ranges  were  significantly  different,  with 
p<  0.001. 

All  of  the  studies  reported  a  significant  correla- 
tion (Table  1 )  between  Paco2  and  Peicc>2.  with  r 
ranging  from  0.52'3  to  0.963."'  Three  studies  ana- 
lyzed the  correlation  between  Pacc>2  and  PetC02  for 
each  individual  patient,13'14,16  reporting  that  4  of  31, 
9  of  20,  and  8  of  24  patients  did  not  demonstrate  a 
significant  positive  correlation.  None  of  the  studies 
was  able  to  retrospectively  identify  those  patients 
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Table  1.  Summary  of  Sample  Size.  Correlation  Coefficient, 
and  Estimated  Variance  in  PetCO:  Not  Related  to 
Variance  in  PaC02  (1  -  r2)'  m  7  Studies  Reporting 
Correlation  in  Surgical  ICU  Patients 


Number  of 

Correlation 

Number  of 

PaC02"PetCO: 

Coefficient 

Reference 

Subjects 

Pairs 

(r) 

1  -r2 

10 

20 

75 

0.963 

0.073 

11 

25 

159 

0.768 

0.41 

12 

20 

40 

0.90* 

0.19 

13 

39 

269 

0.52 

0.73 

14 

20 

116 

0.78 

0.39 

15 

11 

48 

t 

— 

16 

24 

113 

0.82 

0.33 

♦During  mechanical  ventilatory  support,  following  withdrawal  of  ven- 
tilatory support,  r  =  0.82. 
tCorrelation  coefficient  not  reported. 


in  whom  there  would  be  a  significant  positive  cor- 
relation between  Paco:  and  Petco:-  The  relationship 
between  the  APac02  and  APetco:  was  reported  in 
three  studies,"'416  with  r  ranging  from  0.5815  to 
0.69. '6  Two  studies1416  reported  the  number  of 
APaCOz  and  APetco:  pairs  that  would  be  in  Group  2 
to  be  33%  and  43%,  respectively.  These  Group-2 
pairs  were  approximately  equally  divided  between 
Groups  2a  and  2b. 

Results  of  Present  Study 

We  have  shown  a  positive  correlation  between 
the  Paco:  and  PetC02  in  our  prospective  study  of 
surgical  ICU  patients.  In  our  study  the  correlation 
coefficient  of  0.523  was  very  similar  to  that  of 
Niehoff  et  al,13  which  was  0.52.  One  property  of  r 
is  that  the  value  1  -  r:  represents  the  portion  of  the 
variability  of  Petco:  that  cannot  be  explained  by  the 
variability  of  PaCCb-6  That  would  mean  72.6%  of 
the  variability  of  the  PetC02  is  not  dependent  on  the 
variability  of  the  Paco2-  This  suggests  that  indi- 
vidual PaCCb  and  PetC02  values  often  vary  indepen- 
dently of  each  other  and  that  changes  in  PetC02  may 
occur  completely  independent  of  changes  in  Paco:- 

Linear  regression  analysis  assumes  that  all 
points  in  the  data  set  are  independent  values,  hav- 
ing no  interdependence  upon  other  values  in  the 
data  set.6  This  assumption  may  not  be  valid  in  stud- 
ies (such  as  this)  using  repeated  measures  from  the 
same  patient.  The  values  for  any  pair  of  Paco:  and 


Petco2  obtained  may  be  dependent  upon  the  pre- 
vious pairs  of  PaCCb  and  Petco2  for  that  same  pa- 
tient. A  more  correct  analysis  is  to  use  the  linear  re- 
gression model  on  each  individual  patient's  data.  In 
our  population  this  was  done,  and  only  29  patients 
demonstrated  a  significant  correlation  between  the 
PaC02  and  Petco:-  This  is  in  agreement  with  the  data 
from  Niehoff  et  al,13  Hoffman  et  al,14  and  Hess  et 
al,16  which  all  had  a  significant  number  of  patients 
in  whom  the  Pacc>2  and  Petco2  did  not  show  a  sig- 
nificant positive  correlation.  Unfortunately,  no 
study  has  been  able  to  retrospectively  identify 
those  individual  patients  who  do  not  demonstrate  a 
significant  correlation  between  the  Pacc)2  and  PetC02 
values. 

A  total  of  693  P(a-et)C02  values  were  calculated 
in  our  prospectively  studied  patient  population.  The 
P(a-et)C02  was  8.2  (7.7)  torr.  This  is  somewhat 
greater  than  the  value  published  by  other  authors.1""'6 
These  authors  have  studied  primarily  postoperative 
cardiac  surgery  patients.  The  P(a-eoco2  value  from 
the  postoperative  cardiac  surgery  patients  in  our 
group  (n  =  59)  was  5.47  (5.21)  torr.7  The  higher 
P(a-et)C02  value  for  our  entire  group  could  be  re- 
lated to  the  inclusion  of  trauma  and  ARDS  patients 
with  more  severe  acute  pulmonary  dysfunction. 

There  was  a  tendency  for  the  P(a-enC02  to  in- 
crease with  increasing  Paco2  values.  This  is  dem- 
onstrated by  the  positive  slope  of  the  regression 
line  of  P(a-et)C02  and  Paco2  (Fig.  4).  This  suggests 
that  the  PetC02  increasingly  underestimates  the 
PaC02-  This  is  supported  by  the  moderate  slope 
(0.51)  of  the  regression  line  of  PetC02  and  Paco2 
(Fig.  1).  Several  factors  may  account  for  this,  in- 
cluding increased  dead-space  ventilation  and  ven- 
tilation-perfusion  abnormalities.  No  attempt  was 
made  to  control  for  changes  in  these  factors. 

If  continuous  measurement  of  PetC02  is  to  pro- 
vide a  continuous  monitor  of  Paco2.  then  APetco2 
must  reliably  reflect  APacc>2  in  both  magnitude  and 
direction.  An  increase  in  Paco2  should  be  reflected 
by  a  near  simultaneous  increase  in  Petco2-  The 
APetC02  and  APaco2  were  calculated  by  subtracting 
the  current  value,  for  either  PaC02  or  PetC02-  from 
the  most  recent  previous  value  for  either  Pac02  or 
Petco:-  Of  the  613  pairs  studied.  192  (31.395  )  oc- 
curred in  opposite  directions.  This  is  similar  to  the 
other  studies  that  present  data  in  this  fashion.  Hoff- 
man et  al14  report  that  33%  and  Hess  et  al16  43%  of 
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APetco:  and  APaco2  occur  in  opposite  directions. 
The  discrepant  changes  in  these  studies  were  dis- 
tributed approximately  evenly  between  Groups  2a 
and  2b,  supporting  the  idea  that  changes  in  PetC02 
occur  independently  of  changes  in  Pacc>2- 

The  accuracy  of  capnometers  may  be  ques- 
tioned. Raemer  and  Calalang17  systematically  stud- 
ied the  accuracy  of  various  infrared  capnometers. 
Several  variables  were  defined  that  could  potential- 
ly cause  errors  in  the  PetC02  measurement.  The 
largest  error,  ±3-4  torr,  was  produced  only  at  the 
highest  input  C02  levels,  60-70  ton-.  This  could 
possibly  explain  the  discrepant  changes  in  our 
study  <  5  torr,  for  Petco2  values  in  this  range.  How- 
ever, it  cannot  explain  most  of  the  discrepant  val- 
ues, those  >  5  torr,  in  our  study. 

These  data  demonstrate  that  the  measurement  of 
PetC02  cannot  provide  a  reliable,  continuous  moni- 
tor of  Paco2  in  surgical  ICU  patients  being  mechan- 
ically ventilated.  Despite  this,  capnometry  may 
have  a  place  in  the  modern  ICU.  In  addition  to  the 
potential  use  of  monitoring  for  acute  pulmonary 
embolism,  gas  embolism,  and  sudden  dramatic 
changes  in  cardiac  output,  there  is  information  to 
suggest,  although  not  carefully  studied,  that  the 
P(a-etico2  may  correlate  with  the  alveolar  dead 
space  and/or  the  amount  of  ventilation-perfusion 
mismatching  in  a  given  patient.  Poppius  et  al18 
studied  the  relationship  between  the  Pu-ettcoi  and 
the  physiologic  dead-space-to-tidal-volume  ratio 
(Vd/Vt)  in  13  healthy  subjects  and  50  patients  with 
respiratory  disease.  They  demonstrated  a  sig- 
nificant correlation  between  P(a-et)C02  and  Vd/Vt, 
with  r  =  0.74.  Yamanaka  and  Sue14  studied  17  pa- 
tients in  a  medical-respiratory  ICU  and  showed  a 
significant  correlation  between  the  P(a-et)C02  and 
Vd/Vt,  with  r  =  0.80.  They  did  not  make  serial 
measurements  in  any  of  their  patients.  Studies  in 
anesthetized  children  who  were  having  surgery  for 
repair  of  cardiac  defects  also  demonstrate  a  strong 
correlation  between  the  P(a-eucc>2  and  Vd/Vt.20'21 
Frequent  changes  in  Vd/Vt,  which  are  not  un- 
common in  critically  ill  patients,  may  have  contrib- 
uted to  the  poor  correlation  between  Petco2  and 
PaC02  found  in  our  study.  Further  study  in  critically 
ill,  mechanically  ventilated  ICU  patients  is  needed, 
especially  with  serial  measurements  of  Vd/Vt  and 

P(a-et)C02- 


Conclusion 

Based  on  the  data  presented,  we  reject  the  initial 
hypothesis.  Continuous  measurement  of  PetC02 
does  not  provide  a  reliable,  continuous  monitor  of 
PaCCb,  capable  of  predicting  changes  in  both  magni- 
tude and  direction.  A  significant  number  of  patients 
(51/80)  demonstrate  poor  correlation  between  the 
PetC02  and  the  Paco2-  A  large  portion  of  the  APacc>2 
is  not  reliably  predicted  by  the  APetcc>2-  Although 
capnometry  may  have  potential  uses  in  the  ICU  for 
monitoring  such  things  as  endotracheal  tube  place- 
ment, ventilator  disconnection,  physiologic  dead 
space,  and  the  adequacy  of  pulmonary  blood  flow, 
it  cannot  reliably  replace  routine  measurement  of 
PaC02  in  critically  ill  patients  for  monitoring  arterial 
carbon  dioxide  tensions  and  respiratory  acid-base 
balance. 
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Introduction 

Jriistorically  the  American  Thoracic  Soci- 
ety (ATS)  and  the  Centers  for  Disease  Con- 
trol (CDC)  have  provided  guidance  on  the  di- 
agnosis, treatment,  prevention,  and  control 
of  tuberculosis  (TB)  in  the  United  States  and 
Canada.  The  ATS-CDC  recommendations  on 


TB  are  contained,  for  the  most  part,  in  three 
official  joint  statements:  "Diagnostic  Stan- 
dards and  Classification  of  Tuberculosis," 
"Treatment  of  Tuberculosis  and  Tuberculo- 
sis Infection  in  Adults  and  Children,"  and 
"Control  of  Tuberculosis."  In  contrast  to  the 
"Diagnostic  Standards"  and  "Treatment" 
statements,  which  emphasize  individual  pa- 
tient management,  this  "Control  Statement" 
emphasizes  the  public  health  aspects  of  TB 
control.  Because  the  epidemiology  of  TB  in  the 
United  States  is  changing  and  the  technology 
applicable  to  the  diagnosis,  treatment,  and 
control  of  TB  continues  to  evolve,  it  is  neces- 
sary to  periodically  revise  these  statements. 

The  Infectious  Diseases  Society  of  Ameri- 
ca has  joined  ATS  and  CDC  in  the  develop- 
ment of  this  statement. 

This  revision  has  been  made  in  recognition 
of  the  fact  that  new  populations  at  risk  for 
developing  TB,  such  as  persons  with  human 
immunodeficiency  virus  (HIV)  infection,  have 
been  identified,  necessitating  new  strategies 
for  control.  In  the  past  several  years,  a  num- 
ber of  outbreaks  of  multidrug-resistant  TB 
(MDR  TB)  have  been  reported  in  a  variety 
of  settings,  including  hospitals  where  HIV- 
infected  persons  receive  treatment  and  cor- 
rectional facilities,  highlighting  the  need  for 
a  more  aggressive  approach  to  TB  control  in 
such  settings.  In  addition,  the  secretary  of 
Health  and  Human  Services  has  endorsed  a 
national  plan  for  the  elimination  of  TB  from 
the  United  States  which  calls  for  a  rate  of  one 
case  per  million  of  the  population  by  the  year 
2010.  The  first  phase  of  this  plan  calls  for  an 
intensification  of  current  prevention  and  con- 
trol strategies. 

It  is  the  aim  of  this  document  to  provide 
guidance  for  establishing  TB  prevention,  con- 
trol, and  elimination  activities.  This  guidance 
is  intended  for  persons  working  in  state,  city, 
and  county  TB  control  programs;  other  health 
department  or  hospital  outpatient  programs, 
such  as  refugee  programs,  sexually  transmit- 
ted disease  clinics,  HIV  clinics;  acute-care  and 
extended-health  care  facilities;  correctional 
facilities;  substance  abuse  treatment  pro- 
grams; shelters  for  the  homeless;  day-care 
centers;  and  other  institutions.  It  should  also 


benefit  individual  health  care  providers  car- 
ing for  persons  with  or  at  high  risk  for  TB. 
Detailed  recommendations  for  TB  control 
in  specific  populations,  such  as  correctional 
institutions,  have  been  developed  by  the  Ad- 
visory Council  for  Elimination  of  Tubercu- 
losis (ACET),  a  national  advisory  committee 
to  the  secretary  of  Health  and  Human  Ser- 
vices, and  the  Division  of  Tuberculosis  Elimi- 
nation, CDC.  These  guidelines  are  published 
in  Morbidity  and  Mortality  Weekly  Reports 
(see  Appendix  for  a  complete  list  of  guide- 
lines). In  addition,  a  listing  of  documents  or 
articles  containing  more  detailed  information 
on  topics  covered  in  this  statement  may  be 
found  in  the  Suggested  Readings  section. 

Current  Epidemiology  of  Tuberculosis 
in  the  United  States 

In  1991,  the  number  of  reported  cases  of  TB 
in  the  United  States  was  26,283  —  an  increase 
of  2%  compared  with  the  previous  year.  Al- 
though there  had  been  an  annual  decline  of 
approximately  5°7o  in  the  number  of  TB  cases 
since  the  1950s  and  a  6  to  7%  annual  decline 
in  cases  during  the  years  1981  to  1984,  in  1985 
to  1991  the  number  of  cases  increased  by  18%. 
Using  the  trend  for  1981  to  1984  to  estimate 
the  expected  number  of  cases  for  1985  to  1991, 
it  can  be  calculated  that  more  than  39,000  ex- 
cess cases  of  TB  occurred  between  1985  and 
1991  (figure  1).  The  occurrence  of  TB  among 
persons  with  HIV  infection  is  a  major  factor 
contributing  to  this  change  in  the  decades- 
long  pattern  of  decline  of  TB. 

Through  1990,  matching  of  TB  and  the  ac- 
quired immunodeficiency  syndrome  (AIDS) 
registries  for  152,441  AIDS  cases  reported  in 
the  United  States  revealed  that  4.3%  were  in- 
fected with  TB.  Patients  with  TB  and  AIDS 
have  been  predominantly  young  men,  and  a 


'  This  Statement  was  prepared  by  an  ad  hoc  com- 
mittee of  the  Scientific  Assembly  on  Microbiology 
Tuberculosis  and  Pulmonary  Infections.  Members 
of  the  committee  were:  John  Bass.  MD  (Chair); 
Lawrence  Farer,  MD;  Philip  Hopewell.  MD; 
Richard  Jacobs,  MD;  Bess  Miller,  MD;  Edward 
Nardell,  MD;  Frederick  Ruben,  MD;  Dixie  Snider. 
MD;  George  Thornton,  MD. 
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Fig.  1.  Expected  and  observed  tuberculosis  cases  in  the  United  States  from  1980  through  1991. 


high  proportion  have  been  black  or  Hispan- 
ic The  major  risk  behavior  for  acquisition 
of  HI V  infection  in  patients  with  TB  and  HIV 
infection  has  been  injecting  drug  use,  but  TB 
has  occurred  in  persons  from  all  HIV  trans- 
mission categories.  HIV  seroprevalence  sur- 
veys in  selected  metropolitan  TB  clinics  have 
revealed  that  among  U.S.-born  TB  patients 
the  median  clinic  HIV  seropositivity  rate  was 
11%,  with  some  TB  clinics  reporting  sero- 
prevalence rates  as  high  as  57%  among  U.S.- 
born  patients. 

Studies  of  untreated  TB  patients  have 
shown  4-  to  5-yr  case  fatality  rates  of  approx- 
imately 50%.  Chemotherapy  has  helped  re- 
duce the  mortality  rate  by  94%  since  1953. 
In  1989,  the  most  recent  year  for  which  final 
mortality  data  are  available,  the  death  rate 
was  0.8  per  100,000,  with  1,970  deaths  record- 
ed. The  death  rate  from  TB  has  remained  sta- 
ble since  1984.  Case  fatality  rates  increase  with 
increasing  age,  and  are  higher  in  blacks  than 
in  whites,  and  in  persons  with  underlying  med- 
ical conditions,  such  as  cancer  and  HIV  in- 
fection. In  addition,  death  rates  are  higher 
among  patients  with  TB  caused  by  drug- 
resistant  organisms. 

More  than  two-thirds  of  reported  TB  cases 
now  occur  among  nonwhite  racial  and  ethnic 
groups.  Compared  with  non-Hispanic  whites, 
the  overall  risk  of  TB  is  five  times  higher 
among  Hispanics,  five  times  higher  among 
Native  Americans  and  Alaskan  Natives,  eight 
times  higher  among  blacks,  and  10  times  high- 
er among  Asians  and  Pacific  Islanders.  Nearly 
one-quarter  of  all  cases  in  the  United  States 
occur  in  foreign-born  persons.  Others  at  high 
risk  for  TB  include  persons  with  HIV  infec- 
tion, substance  abusers,  low-income  popula- 
tions, residents  of  correctional  facilities  and 
nursing  homes,  and  persons  with  certain  med- 
ical risk  factors.  It  is  noteworthy  that  nearly 
one-third  of  the  cases  of  TB  in  the  United 


States  occur  in  persons  in  the  middle-  and 
upper-income  groups,  contradicting  the  popu- 
lar notion  that  TB  is  a  problem  only  of  the 
poor. 

When  we  examine  the  trend  from  1985 
through  1991  by  age,  the  largest  increase  in 
TB  cases  in  any  age  group  occurred  in  the 
25-  to  44-yr-old  cohort.  Cases  in  this  group 
increased  by  52%,  and  occurred  largely  among 
non-Hispanic  blacks  and  Hispanics.  There 
was  also  a  19%  increase  in  cases  among  0- 
to  4-yr-olds  and  a  40%  increase  among  chil- 
dren aged  5  to  14  yr. 

A  majority  of  the  cases  reported  annually 
in  the  United  States  arises  from  the  pool  of 
persons  who  have  been  infected  in  the  remote 
past.  In  the  United  States,  the  number  of  such 
persons  with  latent  infection  is  estimated  to 
be  between  10  and  15  million.  Within  the  in- 
fected population  there  are  groups  at  varying 
risk  for  disease.  To  achieve  significant  prog- 
ress toward  reducing  the  number  of  future 
cases  and  deaths  of  TB,  it  will  be  necessary 
to  identify  high-risk  groups,  screen  them  for 
the  presence  of  tuberculous  infection  and 
tuberculosis,  and  provide  appropriate  thera- 
py to  those  with  infection  and  disease. 

Identifying  Persons  with  Clinically 
Active  tuberculosis 

Diagnostic  Methods 
The  key  to  making  the  diagnosis  of  TB  in  a 
timely  manner  is  (I)  to  suspect  the  disease  in 
any  person  with  signs  or  symptoms  compati- 
ble with  the  disease,  and  (2)  to  obtain  appro- 
priate specimens  for  bacteriologic  and  histo- 
logic examination.  Among  the  clinical  find- 
ings that  suggest  TB  are  cough,  hemoptysis, 
weight  loss,  fatigue,  night  sweats,  and  fever. 
Depending  upon  the  location  of  the  disease, 
specimens  from  a  variety  of  sites  may  be  ap- 
propriate to  examine,  including  sputum,  bron- 


chial washings,  lung  tissue,  lymph  node  tis- 
sue, bone  marrow,  liver,  blood,  urine,  stool, 
and  cerebrospinal  fluid. 

Although  tuberculin  skin  testing  should  be 
routinely  performed  in  all  individuals  suspect- 
ed of  having  clinically  active  TB,  its  useful- 
ness is  limited  by  false-negative  reactions, 
especially  in  immunosuppressed  individuals 
such  as  those  with  HIV  infection.  The  in- 
tracutaneous administration  of  5  U  of  purified 
protein  derivative  (PPD)  tuberculin  (Mantoux 
test)  is  the  preferred  method. 

Persons  with  symptoms  suggestive  of  pul- 
monary TB  (eg,  cough,  hemoptysis)  should 
receive  a  chest  radiograph  regardless  of  the 
skin  test  results.  If  abnormalities  are  noted 
or  if  the  person  has  symptoms  suggestive  of 
extrapulmonary  TB,  additional  diagnostic 
studies  should  be  undertaken.  These  may  in- 
clude histologic  staining  and  mycobacterial 
culture  of  sputum,  other  respiratory  secre- 
tions, and  a  variety  of  biopsy  specimens  and 
body  fluids.  Drug  susceptibility  studies  should 
be  performed  routinely  on  all  positive  cultures. 

Although  tuberculin  testing  is  the  standard 
method  for  screening  asymptomatic  popula- 
tions for  TB  and  tuberculous  infection,  chest 
radiography  or  sputum  smear  examinations 
are  the  initial  screening  method  of  choice 
when  the  objective  is  to  rapidly  identify  per- 
sons with  clinically  active  disease.  These  in- 
clude situations  in  which  the  tuberculin  skin 
test  results  may  be  unreliable,  when  applica- 
tion and  reading  of  the  test  may  be  impracti- 
cal, and/or  when  the  consequences  of  an  un- 
diagnosed case  may  be  severe.  For  example, 
because  elderly  persons  living  in  long-term 
care  facilities  are  at  particularly  high  risk  of 
developing  TB  and  may  be  anergic  all  pa- 
tients admitted  to  such  facilities  should  have 
a  recent  chest  radiograph.  Sputum  smear  ex- 
aminations and  culture  for  mycobacteria 
should  be  performed  on  those  with  signs 
and/or  symptoms  such  as  chronic  cough, 
"bronchitis,"  weight  loss,  or  unexplained  fe- 
ver, regardless  of  chest  radiograph  findings. 
Similar  considerations  may  be  applied  in 
screening  persons  with  HIV  infection  who 
may  be  anergic  (particularly  those  in  institu- 
tional settings).  Chest  radiography  may  be  the 
screening  method  of  choice  in  jails  or  shelters 
for  the  homeless,  where  the  time  required  to 
apply  and  read  the  tuberculin  skin  test  on 
large  numbers  of  transient  persons  makes  this 
method  impractical. 

Case  Finding 
Evaluation  of  contacts  to  cases  of  infectious 
TB  is  one  of  the  most  productive  methods 
of  finding  persons  with  disease  (and  infec- 
tion). Among  medically  evaluated  contacts 
in  78  areas  of  the  United  States  during  1990, 
the  rate  of  clinically  active  TB  was  700  per 
100,000  persons.  Contact  investigations  are 
usually  performed  by  the  staff  of  health 
department  TB  control  programs,  although 
hospital  infection  control  officers  and  staff 
of  correctional  institutions  and  long-term 
care  facilities  may  also  conduct  such  investi- 
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gations.  A  detailed  description  of  how  to  per- 
form a  contact  investigation  is  described 
subsequently. 

In  situations  when  the  prevalence  of  TB 
is  extremely  high,  such  as  in  some  homeless 
populations  or  certain  immigrant  or  refugee 
populations  from  areas  with  a  high  prevalence 
of  TB,  or  when  the  consequences  of  an  undi- 
agnosed case  of  TB  are  severe,  such  as  residen- 
tial facilities  for  HIV-infected  persons,  cor- 
rectional facilities,  and  nursing  homes,  rou- 
tine screening  to  identify  persons  with  disease 
is  justifiable. 

Most  persons  with  TB  are  identified  be- 
cause they  seek  medical  care  for  symptoms 
caused  by  the  disease.  In  addition,  persons 
already  receiving  health  care  for  another  con- 
dition may  be  found  to  have  concurrent  TB. 
Thus,  patients  themselves  and  providers  of 
primary  health  care  are  among  the  most  im- 
portant finders  of  TB.  Because  the  manifesta- 
tions of  TB  are  protean  and  nonspecific 
health-care  providers  must  maintain  a  high 
index  of  suspicion  for  TB,  especially  in  those 
populations  that  are  at  greatest  risk.  A  review 
of  current  literature  reveals  that  excess  mor- 
bidity and  mortality  from  TB  is  occurring  be- 
cause the  diagnosis  of  the  disease  is  frequently 
not  considered  or  is  considered  too  late. 


Performing  a  Contact  Investigation 
Contacts  of  persons  with  infectious  TB  are 
at  high  risk  of  infection  and  disease.  The  risk 
to  contacts  is  related  to  factors  pertaining  to 
the  infectiousness  of  the  source  case,  the  char- 
acteristics of  the  contact,  and  the  environment 
they  share.  Many  factors  interact  to  influence 
the  transmission  of  infectious  particles  (drop- 
let nuclei)  from  the  source  patient  to  the 
contact. 

As  soon  as  the  diagnosis  of  TB  in  the  source 
case  is  strongly  suspected  on  laboratory  and/ 
or  clinical  bases,  investigation  of  contacts 
should  begin.  This  requires  close  coordina- 
tion between  the  health  department  and 
hospitals  or  other  institutions  so  that  as  soon 
as  there  is  a  positive  smear  or  other  strong 
evidence  that  a  patient  has  TB,  the  contact 
interview  can  take  place.  Health-care  person- 
nel should  not  wait  for  positive  cultures  if  the 
history  and  other  clinical  findings  are  sug- 
gestive of  TB. 

Although  prompt  contact  investigation  has 
always  been  desirable,  under  the  circum- 
stances that  prevail  currently,  speed  in  evalu- 
ation of  contacts  is  essential.  In  HIV-infected 
contacts  who  acquire  a  new  tuberculous  in- 
fection, clinically  active  disease  can  occur  very 
rapidly;  intervals  as  short  as  20  days  have  been 
described.  Moreover,  in  many  areas,  the  high- 
est risk  groups  may  have  impermanent  resi- 
dences. Such  groups  include  the  homeless  who 
move  from  shelter  to  shelter,  injecting  drug 
users,  and  migrant  workers.  For  these  reasons, 
rapid  notification  of  health  department  per- 
sonnel, and  prompt  and  thorough  contact 
identification  and  evaluation  are  the  keys  to 
successful  contact  investigation. 

Contact  investigations  should  involve  as  few 


steps  as  possible  and  should  be  designed  to 
identify  persons  with  disease  as  well  as  those 
with  tuberculous  infection.  Evaluations  should 
be  conducted  at  the  convenience  of  the  con- 
tact with,  for  example,  tuberculin  testing  or 
sputum  collection  being  performed  in  the 
field,  and  patients  being  transported  for  ra- 
diographic or  other  examinations. 

Because  of  the  differences  in  the  behavior 
of  tuberculous  infection  in  contacts  with  HIV 
infection,  knowledge  of  the  contact's  HIV  sta- 
tus would  alter  the  approach  both  to  investi- 
gation and  to  the  use  of  preventive  therapy. 
For  this  reason,  appropriate  counseling  and 
HIV  testing  of  contacts  if  their  status  is  not 
known  is  advisable. 

Development  of  Transmission 
Probability  Data 
When  a  source  case  has  been  identified,  the 
appropriate  procedure  in  a  contact  investiga- 
tion entails  the  development  of  a  data  base 
and  an  evaluation  of  each  of  the  factors  noted 
subsequently.  These  data  are  usually  gathered 
by  interviewing  the  source  patient  and  by 
reviewing  relevant  medical  and  laboratory 
records.  A  visit  to  the  source  patient's  home, 
place  of  employment,  or  both  will  usually,  be 
necessary  to  assemble  a  satisfactory  initial  da- 
ta base. 

Source  patient  characteristics  influencing 
transmission.  Any  person  who  is  generating 
aerosolized  particles  containing  tubercle  bacil- 
li is  a  transmitter  of  Mycobacterium  tuber- 
culosis. The  presence  of  acid-fast  bacilli  in 
the  sputum  smear  is  the  main  indicator  of 
a  potential  for  transmission.  Other  source  pa- 
tient characteristics  that  increase  the  proba- 
bility of  transmission  are  as  follows:  positive 
sputum  culture  for  M.  tuberculosis;  presence 
of  cavitation  in  the  chest  radiograph;  presence 
of  TB  laryngitis;  presence  of  cough  (cough- 
inducing  procedures  such  as  bronchoscopy, 
endotracheal  suctioning,  and  aerosolized  pen- 
tamidine treatment  may  contribute  to  trans- 
mission); unwillingness  or  inability  of  the 
source  case  to  cover  his  or  her  cough;  high 
volume  and  watery  respiratory  secretions; 
forceful  exhalation  (eg,  singing  or  shouting); 
prolonged  duration  of  respiratory  symptoms; 
inadequate  anti-TB  chemotherapy. 

While  most  of  these  characteristics  pertain 
to  source  patients  with  pulmonary  or  laryn- 
geal TB,  droplet  nuclei  containing  tubercle 
bacilli  may  rarely  be  generated  from  proce- 
dures that  produce  aerosols  from  infected  soft 
tissues. 

Environmental  characteristics  influencing 
transmission.  Air  is  the  vehicle  by  which  the 
droplet  nucleus  containing  tubercle  bacilli  is 
transported  from  the  source  patient  to  sus- 
ceptible persons.  The  greater  the  concentra- 
tion of  these  droplet  nuclei  in  air  shared  by 
the  source  patient  and  his  or  her  associates, 
the  greater  the  risk  to  these  contacts.  The  fol- 
lowing factors  alter  the  concentration  of  in- 
fectious particles  in  the  air:  (/)  The  volume 
of  air  common  to  the  source  patient  and  con- 
tact. If  low,  the  concentration  of  infectious 


particles  is  increased  (eg,  as  in  sharing  a  small 
room).  (2)  The  degree  of  ventilation  with  out- 
side air.  Fresh  air  dilutes  the  concentration 
of  potentially  infectious  droplets.  (3)  The  de- 
gree of  air  recirculation.  A  high  degree  of  air 
recirculation  (as  may  occur  in  hospitals  and 
other  structures  with  closed-circuit  heating 
and  cooling  systems)  may  result  in  the  ac- 
cumulation of  high  concentrations  of  infec- 
tious particles  because  droplet  nuclei  remain 
suspended  in  the  air.  (4)  The  presence  of 
ultraviolet  (UV)  light  fixtures.  Irradiation  of 
the  upper  air  within  the  shared  space  may  re- 
duce the  spread  of  infection  by  killing  the 
tubercle  bacilli  contained  in  the  droplet  nuclei. 
(5)  The  presence  of  high  efficiency  particu- 
late air  (HEPA)  filters.  These  filters  placed 
within  air  ducts  are  capable  of  removing  air- 
borne particulates  the  size  of  droplet  nuclei. 
The  benefits  of  HEPA  are  limited  by  cost  con- 
siderations and  the  amount  of  air  that  can 
be  moved  past  the  filters  without  unaccept- 
able noise  or  drafts. 

Contact  characteristics  influencing  trans- 
mission. Persons  who  have  recently  shared  air 
with  the  source  patient  should  be  considered 
potentially  infected  contacts.  The  following 
factors  influence  the  risk  of  infection  for  these 
persons:  (/)  increased  time  in  association  with 
the  source  patient,  which  increases  the  prob- 
ability of  infection;  (2)  physical  closeness  be- 
tween the  source  patient  and  the  contact  may 
increase  the  likelihood  of  infection;  (5)  preven- 
tive therapy  for  TB  taken  by  the  contact  at 
the  time  of  exposure  reduces  the  infection  risk 
(an  example  of  primary  prevention);  (4)  pri- 
or infection  with  M.  tuberculosis,  as  indicat- 
ed by  a  significant  tuberculin  skin-test  reac- 
tion before  exposure  to  the  identified  source 
case,  reduces  risk;  (5)  host  factors,  such  as 
the  contact's  age,  race,  and  immunologic  sta- 
tus, can  affect  the  likelihood  of  becoming 
infected. 

Structuring  a  Contact  Investigation 
Establishment  of  priorities.  The  estimated 
probability  of  transmission,  based  on  the  in- 
formation described  previously  and  a  deter- 
mination of  the  consequences  of  infection 
should  it  occur,  should  influence  the  priority 
and  rapidity  with  which  a  contact  investiga- 
tion is  conducted. 

Classification  of  contacts.  For  each  source 
patient,  the  contact  investigation  should  pro- 
ceed in  an  orderly  manner,  starting  with  per- 
sons who  are  most  likely  to  have  been  infect- 
ed. Members  of  the  immediate  family  or 
others  who  have  recently  shared  the  same  in- 
door environment  with  the  source  patient  for 
prolonged  periods  are  commonly  called  close 
contacts.  Contacts  with  less  exposure  are 
designated  other  than  close  contacts. 

Establishing  Limits  for 
Contact  Investigations 
The  infectiousness  of  the  source  patient  can 
be  determined  by  initially  evaluating  the  close 
contacts  for  evidence  of  tuberculous  infec- 
tion and/or  disease.  The  following  are  guide- 
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lines  for  limiting  the  extent  of  a  contact  in- 
vestigation: (/)  Initiate  the  investigation  with 
close  contacts.  If  there  is  no  evidence  of  re- 
cent transmission  of  infection  in  this  group, 
extending  the  investigation  is  usually  not  ap- 
propriate. However,  priorities  of  the  investi- 
gation should  also  be  based  on  the  conse- 
quences of  infection  in  the  contact.  For 
example,  infection  in  a  newborn  or  in  an  HIV- 
infected  person  could  lead  to  rapid  develop- 
ment of  disseminated  disease.  Therefore,  such 
individuals  merit  evaluation,  regardless  of 
their  degree  of  exposure.  (2)  If  data  indicate 
recent  infection  in  the  close  contacts,  extend 
the  limits  of  investigation  to  progressively 
lower-risk  contacts  until  the  levels  of  infec- 
tion detected  approximate  the  levels  of  infec- 
tion in  the  local  community.  (J)  At  each  stage 
of  the  investigation,  establish  the  number  and 
identity  of  contacts  to  be  examined.  Estab- 
lishing such  a  denominator  helps  to  assure 
that  no  contact  who  should  be  examined  is 
missed. 

Once  contacts  have  been  identified,  a  di- 
agnostic evaluation  including  medical  histo- 
ry, tuberculin  skin  test,  and,  if  indicated,  chest 
radiograph  and  sputum  examination  should 
be  performed.  Contacts  with  evidence  of  clin- 
ical disease  should  be  placed  on  an  appropri- 
ate multidrug  treatment  regimen. 

Contacts  with  a  tuberculin  reaction  >  5  mm 
should  receive  a  chest  radiograph;  those  with- 
out evidence  of  clinical  disease  should  be 
evaluated  for  preventive  therapy.  Persons  with 
an  initial  tuberculin  reaction  <  5  mm  should 
receive  a  chest  radiograph  and  be  considered 
for  preventive  therapy  if  (/)  circumstances  sug- 
gest a  high  probability  of  infection,  (2)  evalu- 
ation of  other  contacts  with  a  similar  degree 
of  exposure  demonstrates  a  high  prevalence 
of  infection,  or  (3)  the  contact  is  a  child, 
adolescent,  or  is  immunosuppressed  (eg,  in- 
fected with  HIV).  Contacts  who  are  initially 
skin-test  negative  should  receive  a  repeat 
tuberculin  skin  test  10  to  12  wk  after  the  ini- 
tial test.  If  the  repeat  skin  test  remains  nega- 
tive and  contact  with  the  source  case  has  been 
broken,  preventive  therapy  may  be  stopped. 
I  f  the  repeat  tuberculin  test  is  positive,  a  chest 
radiograph  should  be  obtained  to  exclude  dis- 
ease. If  there  is  no  evidence  of  disease,  a  full 
course  of  preventive  therapy  should  be  given. 
If  the  repeat  tuberculin  test  is  negative,  no 
further  evaluation  is  indicated  for  persons 
with  normal  immunity.  Contacts  with  HIV 
infection  should  be  considered  for  preventive 
therapy,  regardless  of  tuberculin  skin  test 
results. 

Controlling  Transmission  of 
Tuberculosis 

Treatment  of  Persons  with  Clinically 
Active  Tuberculosis 
The  preferred  regimen  for  treatment  of  ac- 
tive TB  includes  an  initial  course  of  daily 
isoniazid  (INH),  rifampin  (RIF),  and  pyra- 
zinamide  (PZA)  for  2  months  (induction 
phase),  followed  by  a  continuation  phase  of 


INH  and  RIF  for  4  months,  for  a  total  dura- 
tion of  6  months  in  most  cases.  Ethambutol 
(EMB)  or  streptomycin  (SM)  should  be  in- 
cluded in  the  initial  regimen  until  drug  sus- 
ceptibility studies  are  available,  unless  there 
is  little  possibility  of  primary  resistance  to 
isoniazid.  Patients  with  disease  due  to  drug- 
resistant  organisms,  coexisting  HIV  infection, 
or  inability  to  take  one  or  more  of  the  previ- 
ously listed  drugs  will  require  a  longer  dura- 
tion of  therapy  and  may  require  additional 
drugs.  All  patients  with  TB  should  be  offered 
appropriate  counseling  and  HIV-antibody 
testing. 

With  adequate  chemotherapy,  almost  all 
patients  with  organisms  susceptible  to  the  pri- 
mary antituberculous  drugs  (INH,  RIF,  PZA, 
EMB,  and  SM)  will  become  bacteriological- 
ly  negative,  recover,  and  remain  well.  More 
than  90%  of  patients  taking  the  6-month  regi- 
men will  have  bacteriologically  negative  spu- 
tum within  3  months.  Among  those  complet- 
ing anti-TB  treatment  regimens  prescribed, 
>  95°7o  of  immunocompetent  patients  treat- 
ed for  the  first  time  will  be  treated  success- 
fully, provided  that  they  are  fully  compliant 
with  the  prescribed  regimen.  For  most  patients 
who  have  successfully  completed  treatment, 
routine  follow-up  examinations  for  TB  are 
unnecessary. 

Treatment  for  disease  due  to  drug-resistant 
organisms  is  more  difficult,  more  toxic,  more 
expensive,  and  not  as  successful.  Surgery  is 
rarely  indicated,  but  may  play  a  role,  partic- 
ularly in  treating  well-localized  disease  due 
to  drug-resistant  organisms. 

Whether  a  patient  should  have  his  or  her 
normal  activities  restricted,  and  the  duration 
of  those  restrictions,  depends  upon  the  esti- 
mated degree  of  infectiousness,  the  response 
to  treatment,  the  nature  of  the  activities,  and 
who  will  be  exposed  to  him  or  her  in  the  course 
of  those  activities.  Some  patients  are  never 
infectious  and  have  no  need  for  restrictions. 
Many  patients  who  are  infectious  can  remain 
at  home  with  those  in  the  household  who  have 
already  been  exposed,  as  it  has  been  shown 
that  the  risk  of  additional  transmission  of  in- 
fection in  this  setting  is  extremely  low.  These 
patients  may  also  be  able  to  continue  normal 
activities  (eg,  work)  if  the  environment  in 
which  those  activities  takes  place  is  not  con- 
ducive to  transmission  and  there  is  little  risk 
of  exposure  of  new  and/or  highly  susceptible 
contacts.  For  example,  a  patient  who  works 
predominantly  outdoors  would  require  little 
or  no  work  restriction  compared  with  a  health- 
care provider  who  works  in  a  closed  indoor 
environment  with  susceptible  persons. 

When  a  patient  with  infectious  TB  is  hos- 
pitalized, appropriate  infection  control  pre- 
cautions, including  acid-fast  bacillus  (AFB) 
isolation,  should  be  followed  to  protect  em- 
ployees and  other  patients  from  infection. 
These  must  be  maintained  until  the  patient 
is  judged  to  be  noninfectious.  Although  the 
exact  point  at  which  a  patient  becomes  nonin- 
fectious is  difficult  to  define,  most  patients 
with  disease  due  to  drug-susceptible  organ- 


isms become  noninfectious  very  rapidly  af- 
ter chemotherapy  is  started  — within  several 
days  to  a  few  weeks.  Evidence  such  as  de- 
creased cough,  a  sputum  smear  with  fewer 
AFB  (for  patients  with  pulmonary  TB),  and 
improvement  in  other  signs  and  symptoms, 
such  as  absence  of  fever  and  improved  appe- 
tite, indicate  that  the  patient  has  become  much 
less  infectious.  AFB  isolation  precautions  can 
be  discontinued  for  such  patients,  and  they 
can  either  be  discharged  or  transferred  to  a 
private  room.  Three  properly  performed  nega- 
tive sputum  smear  examinations  on  properly 
collected  specimens  on  separate  days  in  a  pa- 
tient on  anti-TB  therapy  indicate  an  extreme- 
ly low  potential  for  transmission  of  infection, 
and  a  negative  culture  virtually  assures  there 
is  no  potential  for  transmission.  Patients  with 
infectious  TB  should  at  a  minimum  have  a 
negative  sputum  smear  for  AFB  before  be- 
ing placed  in  indoor  environments  conducive 
to  transmission,  such  as  shelters  for  the  home- 
less, or  in  settings  where  highly  susceptible 
persons,  such  as  those  with  HIV  infection, 
will  be  exposed. 

When  a  patient  fails  to  respond  to  treat- 
ment as  expected,  or  if  the  response  is  not 
sustained,  the  cause  of  this  treatment  failure 
should  be  thoroughly  investigated  and  the 
need  for  restriction  of  activities,  including 
AFB  isolation,  should  be  reevaluated.  Con- 
tinuing transmission  of  infection  can  occur 
if  restrictions,  including  AFB  isolation,  are 
prematurely  discontinued  or  not  reinstituted 
for  patients  who  fail  to  respond  to  therapy. 
Common  reasons  for  a  failure  to  respond  to 
therapy  are  patient  noncompliance  with  ther- 
apy and  ineffective  therapy  for  drug-resistant 
disease.  Recently,  several  nosocomial  and 
community  outbreaks  of  MDR  TB  have  oc- 
curred; these  outbreaks  were  due  in  part  to 
the  failure  to  institute,  or  the  premature  dis- 
continuation of,  isolation  precautions  for 
MDR  TB  patients  who  were  being  treated  with 
drugs  to  which  their  organisms  were  resistant. 

Diagnostic  and  treatment  services  for  TB 
should  be  available  to  all  persons  in  need  of 
such  care  without  consideration  of  the  pa- 
tient's ability  to  pay.  Generation  of  third-party 
support  for  TB  services  is  desirable,  but  the 
administrative  process  of  billing  third  parties 
should  not  become  a  barrier  to  patient  care. 
TB  care  can  be  provided  by  a  variety  of  sources 
in  the  community,  both  private  and  public, 
including  individual  practitioners,  health 
department  clinics,  community  health  clin- 
ics and  migrant  health  centers,  correctional 
facilities,  hospitals,  hospices,  long-term  care 
facilities,  and  shelters.  Regardless  of  who  pro- 
vides medical  care,  health  department  TB 
control  programs  play  an  important  role  in 
providing  free  medication  and  laboratory  ser- 
vices, documenting  the  patient's  response  to 
therapy,  and  providing  supervision  of  thera- 
py whenever  necessary. 

It  is  important  for  all  health-care  workers 
caring  for  patients  with  TB,  regardless  of  the 
clinical  setting,  to  be  knowledgeable  about 
how  TB  is  transmitted  and  to  implement 


932 


RESPIRATORY  CARE  •  AUGUST  '93  Vol  38  No  8 


AMERICAN  THORACIC  SOCIETY 


measures  to  minimize  the  risk  of  transmis- 
sion within  the  health-care  facility. 

Environmental  Aspects  of  Infection 

Control  for  Tuberculosis 

The  Concentration  of  Droplet  Nuclei 

and  the  Risk  of  Infection 
As  described  previously,  the  probability  of 
TB  transmission  is  a  function  of  the  concen- 
tration of  infectious  droplet  nuclei  in  room 
air  and  the  duration  of  exposure.  Droplet 
nuclei  remain  suspended  in  air  for  prolonged 
periods  and  are  rapidly  distributed  within  the 
available  space  by  room  air  currents  and  the 
building's  ventilation  system.  Therefore,  drop- 
let nuclei  containing  virulent  tubercle  bacilli 
remain  a  potential  source  of  infection  within 
indoor  environments  until  they  are  removed, 
diluted,  or  otherwise  inactivated. 

There  is  great  variation  in  the  concentra- 
tions of  droplet  nuclei  generated  by  various 
patients,  estimated  to  range  from  as  low  as 
one  per  11,000  ft3  to  as  high  as  one  per  70 
ft3  of  air  for  a  highly  infectious  patient.  Be- 
cause humans  inhale  about  18  ftVhour,  the 
probability  of  a  person  becoming  infected 
during  a  1-h  exposure  can  thus  be  estimated 
to  range  between  one  in  four  and  one  in  600. 
Therefore,  although  months  of  exposure  are 
usually  required  for  infection  to  occur,  un- 
der extraordinary  circumstances,  when  the 
concentration  of  droplet  nuclei  has  been  much 
higher,  extensive  transmission  has  been  ob- 
served during  exposures  as  brief  as  2  h. 

Air  disinfection  entails  removing  or  inac- 
tivating infectious  droplet  nuclei,  or  diluting 
the  concentration  with  outside  air.  When  the 
concentration  of  droplet  nuclei  is  already  low, 
removing  just  one  infectious  droplet  nucleus 
by  ventilation  may  require  exhausting  as  much 
as  11,000  ft3  of  room  air.  Even  to  substantial- 
ly dilute  the  concentration  of  droplet  nuclei, 
large  volumes  of  outside  air  may  be  needed. 
Furthermore,  as  the  concentration  of  drop- 
let nuclei  is  reduced  by  ventilation,  ever  larg- 
er volumes  of  outside  air  are  required  to  fur- 
ther reduce  their  concentration.  However,  the 
volume  of  ventilation  that  can  be  achieved 
is  limited  in  practice  by  noise,  discomfort, 
cost,  and  design  factors.  Therefore,  although 
adequate  room  ventilation  can  reduce  the 
chance  of  TB  transmission,  it  cannot  elimi- 
nate the  risk  entirely. 

Source  Control 
Because  it  is  difficult  to  remove  droplet  nuclei, 
or  dilute  their  concentration  in  room  air,  it 
is  far  better  to  prevent  their  introduction  into 
air  at  the  source.  Case  finding  and  effective 
TB  treatment  is  the  ultimate  form  of  source 
control.  Patients  can  further  assist  in  source 
control  by  covering  the  nose  and  mouth  when 
coughing  or  sneezing.  Larger  respiratory  drop- 
lets that  might  become  droplet  nuclei  are  thus 
stopped  at  their  source.  Patients  unable  to 
cooperate  in  covering  coughs  and  sneezes  can 
wear  ordinary  surgical  masks  for  short  peri- 
ods, for  example,  while  being  transported 


within  institutions.  For  longer  periods,  masks 
on  patients  are  stigmatizing,  uncomfortable, 
and  probably  ineffective.  Because  masks  on 
patients  serve  more  as  a  physical  barrier  than 
as  a  filter,  stopping  large  droplets  like  a  hand 
or  a  tissue,  their  fit  and  filtration  properties 
may  be  less  critical  than  for  masks  used  as 
personal  protection. 

In  addition,  persons  with  symptoms  con- 
sistent with  clinically  active  infectious  TB 
should  be  placed  in  an  AFB  isolation  room 
before  the  diagnosis  is  certain,  until  there  is 
objective  evidence  that  they  are  unlikely  to 
be  contagious.  Air  from  adjacent  rooms  and 
corridors  must  flow  into,  not  out  of,  AFB 
isolation  rooms  ("negative  pressure"),  and  ex- 
haust air  must  not  be  recirculated  to  other 
rooms  or  vented  outside  to  sites  near  air  in- 
takes. Six  room  air  changes  per  hour,  at  least 
two  of  which  are  outside  air,  have  been  recom- 
mended for  AFB  isolation  rooms. 

Cough-producing  procedures  such  as  pen- 
tamidine aerosol  treatments  and  diagnostic 
sputum  inductions  have  been  associated  with 
TB  transmission.  Because  clinically  active  TB 
cannot  be  reliably  excluded  before  each  pro- 
cedure, it  is  recommended  that  these  proce- 
dures be  performed  in  booths  or  isolation 
rooms  occupied  by  the  patient  alone.  Several 
complete  and  partial  enclosures  marketed  for 
this  purpose  use  HEPA  filters  to  obviate  the 
need  to  exhaust  large  volumes  of  air  to  the 
outside.  A  small,  well-ventilated  room  can  be 
used  for  these  procedures,  but  personnel  may 
be  exposed  when  they  enter  such  a  room  to 
attend  to  patients.  Bronchoscopy  is  another 
cough-producing  procedure  that  may  contrib- 
ute to  TB  transmission.  If  TB  is  a  diagnostic 
possibility  and  bronchoscopy  is  required,  it 
should  be  performed  in  a  room  designed  to 
meet  AFB  isolation  specifications.  It  should 
not  be  performed  in  an  operating  room  that 
is  designed  with  positive  air  pressure  relative 
to  adjacent  areas  — that  is,  where  air  moves 
from  the  room  into  the  corridor.  All  person- 
nel in  bronchoscopy  rooms  and  in  rooms 
where  other  cough-inducing  procedures  are 
taking  place  should  wear  specialized  face 
masks  known  as  disposable  particulate  respi- 
rators (PR)  (see  following). 

Ventilation 
The  concentration  of  infectious  droplet  nuclei 
within  a  building  depends  on  the  rate  at  which 
they  are  introduced  by  the  source  case,  their 
volume  of  distribution  within  the  building, 
and  the  rate  at  which  they  are  removed,  inac- 
tivated, or  diluted  by  the  introduction  of  out- 
side air.  A  highly  variable  amount  of  outside 
air  enters  most  free-standing  homes  and  old- 
er buildings  in  the  United  States  by  infiltra- 
tion through  leaks  and  open  windows.  In  new- 
er buildings,  which  depend  upon  mechanical 
ventilation  systems,  most  of  the  air  is  recir- 
culated. In  such  buildings,  only  a  small,  vari- 
able volume  of  mixed  air  is  exhausted  to  the 
outside  and  is  replaced  with  an  equal  volume 
of  outside  air. 

National    ventilation    standards    require 


enough  outside  air  to  assure  the  comfort  of 
most  occupants  and  to  keep  the  concentra- 
tion of  several  common  indoor  pollutants  at 
acceptably  low  levels.  Unfortunately,  a  ven- 
tilation system  may  appear  to  be  functioning 
well,  effectively  distributing  a  comfortable 
volume  of  cool,  dehumidified  air  through- 
out a  building,  and  still  be  recirculating  high 
concentrations  of  infectious  droplet  nuclei. 
A  critical  element  in  assessing  the  risk  of  air- 
borne infection,  therefore,  is  the  amount  of 
outdoor  air  ventilation. 

Supplemental  Approaches 
Health-care  providers  and  visitors  may  be  ex- 
posed to  infectious  droplet  nuclei  when  they 
enter  the  isolation  rooms  of  a  patient  with 
infectious  TB.  Therefore,  all  health-care 
providers  and  visitors  entering  such  rooms 
should  wear  a  well-fitting  mask  with  filtra- 
tion properties  effective  for  droplet  nuclei, 
le,  a  disposable  PR.  Disposable  PR  look  like 
the  cup-shaped  surgical  masks  that  are  wide- 
ly used  in  hospitals.  When  worn  correctly,  dis- 
posable PR  have  a  tighter  face  seal  than  sur- 
gical masks  and  less  tendency  for  leakage  of 
air  around  the  sides.  Disposable  PR  can  pro- 
vide increased  protection  against  inhalation 
of  particles  as  small  as  droplet  nuclei.  Ordi- 
nary surgical  masks  offer  little  or  no  such 
protection. 

In  institutions  where  TB  is  prevalent,  oth- 
er supplemental  approaches  may  be  consid- 
ered. Two  such  approaches  are  germicidal  UV 
irradiation  and  HEPA  filtration.  HEPA  filters 
within  air  ducts  are  capable  of  almost  com- 
pletely removing  airborne  particulates  the  size 
of  droplet  nuclei.  However,  the  benefits  of 
HEPA  filtration  are  limited  by  cost  consider- 
ations and  the  amount  of  air  that  can  be 
moved  past  the  filters  without  unacceptable 
noise  or  drafts. 

Germicidal  UV  radiation  (254  nm  wave- 
length) has  been  shown  to  inactivate  virulent 
tubercle  bacilli  under  experimental  condi- 
tions, but  its  efficacy  in  reducing  transmis- 
sion in  actual  practice  is  unknown.  Never- 
theless, UV  lamps  have  long  been  used  in 
hospitals  and  laboratories.  UV  lamps  can 
sometimes  be  fitted  into  return  air  ducts, 
thereby  disinfecting  air  before  it  is  recirculat- 
ed. Like  outside  air  and  HEPA-filtered  air, 
however,  the  ability  of  duct-irradiated  air  to 
reduce  the  concentration  of  droplet  nuclei  in 
a  room  has  practical  limitations.  A  greater 
effect  is  theoretically  possible  when  upper 
room  air  is  irradiated  by  overhead  UV  fix- 
tures. However,  because  the  effectiveness  of 
overhead  UV  radiation  is  related  to  the  vol- 
ume of  air  between  the  fixtures  and  the  ceil- 
ing, and  because  safety  concerns  dictate  that 
the  fixtures  be  placed  no  lower  than  7  feet 
from  the  floor  (to  prevent  people  from  bump- 
ing their  heads),  overhead  UV  air  disinfec- 
tion is  often  limited  by  the  low  ceiling  height 
of  many  contemporary  buildings.  Proper  in- 
stallation and  maintenance  of  UV  fixtures  is 
necessary  to  optimize  effectiveness  and  min- 
imize the  risk  of  keratoconjunctivitis  and  er- 
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ythema  of  the  skin  due  to  direct  exposure  to 
fixtures  mounted  too  low  or  from  reflected 
UV  from  fixtures  mounted  too  close  to  the 
ceiling. 

UV  air  disinfection  should  not  be  used  as 
a  substitute  for  standard  TB  control  practices, 
including  source  control,  or  ventilation  with 
outside  air.  It  is  a  supplemental  intervention 
that  may  be  appropriate  for  rooms  where 
high-risk  procedures  are  performed,  isolation 
rooms,  intensive  care  areas,  emergency  rooms, 
and  waiting  areas  in  institutions  serving  popu- 
lations at  high  risk  for  TB. 

Decontamination 
With  the  exception  of  bronchoscopes  and  re- 
spiratory and  anesthesia  equipment,  surface 
contamination  with  tubercle  bacilli  is  not  con- 
sidered an  important  health  risk  for  patients 
or  health-care  personnel.  Equipment  that 
could  possibly  introduce  tubercle  bacilli  di- 
rectly into  the  airways  is  generally  sterilized 
or  cleaned  with  a  high-level  disinfectant,  where- 
as other  environmental  surfaces  need  only  be 
cleaned  with  low-level  disinfectants.  The  same 
routine  daily  cleaning  procedures  used  in  oth- 
er hospital  or  facility  rooms  should  be  used 
to  clean  rooms  of  patients  who  are  on  AFB 
isolation  precautions  for  TB. 

Evaluation  of  Infection  Control 
Practices  in  Institutions 
Institutions  in  which  persons  at  high  risk  for 
TB  work,  live,  or  receive  care  should  periodi- 
cally review  their  TB  policies  and  procedures, 
and  determine  the  actions  necessary  to  mini- 
mize the  risk  of  TB  transmission  in  their  par- 
ticular settings.  Specific  actions  to  reduce 
the  risk  of  TB  transmission  should  include: 
screening  patients  or  residents  for  active  TB 
and  tuberculous  infection;  providing  rapid  di- 
agnostic services;  prescribing  appropriate 
curative  and  preventive  therapy;  providing 
AFB  isolation  rooms  for  persons  with,  or  sus- 
pected of  having,  clinically  active  infectious 
TB;  screening  personnel  for  tuberculous  in- 
fection and  TB;  promptly  investigating  and 
controlling  outbreaks. 

Periodic  evaluations  of  the  environmental 
aspects  of  TB  control  in  institutions  should 
be  conducted.  Health  departments  can  as- 
sist in  identifying  technical  experts  for  this 
purpose. 

Data  on  the  occurrence  of  TB  and  skin- 
test  conversions  among  patients  or  residents 
and  personnel  in  institutions  should  be  col- 
lected and  periodically  analyzed  to  estimate 
the  risk  of  TB  transmission  in  the  facility  and 
to  evaluate  the  effectiveness  of  infection- 
control  practices.  On  the  basis  of  this  analy- 
sis, infection  control  practices  may  need  to 
be  modified  and  the  frequency  of  skin-testing 
staff  and  residents  may  have  to  be  altered. 

Identifying  Persons  with 
Tuberculous  Infection 

Tuberculin  Skin-Testing  of 

High-Risk  Groups 

Identifying  persons  with  tuberculous  infec- 


tion and  providing  preventive  therapy  when 
appropriate  are  critical  to  the  control  and 
elimination  of  TB  Certain  groups  have  a  high- 
er incidence  of  TB  than  the  general  popula- 
tion because  (/)  the  group  has  a  higher  preva- 
lence of  infection  (eg,  persons  born  in  coun- 
tries with  a  high  prevalence  of  TB)  or  (2)  the 
group  has  a  higher  risk  of  disease  for  any  giv- 
en prevalence  of  infection  (eg,  persons  coin- 
fected  with  tubercle  bacilli  and  HIV).  Table 
1  lists  the  populations  considered  at  high  risk 
for  TB  in  whom  tuberculin  testing  is  indicated. 

Each  health  department  should  assess  the 
prevalence,  incidence,  and  sociodemograph- 
ic  characteristics  of  cases  and  infected  per- 
sons in  their  community.  On  the  basis  of  these 
data,  tuberculin  screening  programs  should 
be  targeted  to  each  community's  high-risk 
groups.  It  is  extremely  important  that  these 
screening  programs  undergo  regular  evalua- 
tion of  their  usefulness.  Moreover,  screening 
should  not  be  given  preference  over  higher 
priority  activities  such  as  treatment  and  con- 
tact identification. 

Screening  in  most  groups  noted  previously 
is  carried  out  by  staff  of  health  departments 
or  other  facilities,  such  as  drug  treatment  pro- 
grams, long-term  care  facilities,  and  correc- 
tional institutions.  However,  all  health-care 
providers  should  be  aware  of  the  patients  in 
their  communities  and  practices  who  are  in 
one  of  these  high-risk  categories,  and  should 
skin-test  these  individuals  as  part  of  their  rou- 
tine evaluation.  Members  of  high-risk  groups 
should  be  apprised  of  the  problem  of  TB  in 
their  community  and  should  be  involved  in 
the  implementation  of  screening  and  preven- 
tion programs. 

A  negative  tuberculin  skin-test  reaction  in 
an  HIV-infected  or  otherwise  immunosup- 
pressed  person  may  represent  a  true  negative 
or  false  negative  due  to  anergy.  Anergy  test- 
ing may  be  helpful  in  distinguishing  those  who 
are  truly  tuberculin  negative  from  those  who 
are  unable  to  respond  to  the  skin  test. 

Frequency  of  Tuberculin  Skin-testing 
Individuals  at  high  risk  for  TB  should  have 
a  tuberculin  skin  test  at  least  once  to  assess 
their  need  for  preventive  therapy  and  to  alert 
the  health-care  providers  of  those  with  posi- 


tive skin  tests  of  this  medical  problem.  In  in- 
stitutional settings,  baseline  information  on 
the  tuberculin  status  of  staff  and  residents 
is  a  means  of  identifying  candidates  for 
preventive  therapy  as  well  as  determining 
whether  transmission  of  TB  is  occurring  in 
the  facility.  For  this  reason,  tuberculin  skin- 
testing  upon  employment  or  upon  entry 
should  be  mandatory  for  staff  and  residents 
of  all  facilities  for  long-term  care. 

The  frequency  of  skin-testing  for  individ- 
uals in  high-risk  groups  should  be  determined 
by  the  likelihood  of  exposure  to  infectious 
TB.  For  example,  follow-up  skin-testing 
should  be  conducted  on  at  least  an  annual 
basis  among  the  staffs  of  TB  clinics,  health- 
care facilities  caring  for  patients  with  HIV 
infection,  mycobacteriology  laboratories,  shel- 
ters for  the  homeless,  nursing  homes, 
substance-abuse  treatment  centers,  dialysis 
units,  and  correctional  institutions.  Annual 
testing  is  recommended  for  children  in  high- 
risk  populations,  such  as  those  born  abroad 
and  those  in  medically  underserved  low- 
income  groups.  Local  health  officials  should 
make  decisions  on  the  frequency  of  tuber- 
culin-testing by  using  locally  generated  data. 
All  individuals  should  be  retested  if  exposure 
to  an  infectious  case  occurs. 

For  adults  who  will  be  screened  periodi- 
cally (eg,  staff  of  TB  clinics)  use  of  the  two- 
step  procedure  for  initial  skin-testing  should 
be  considered.  This  involves  applying  an  ini- 
tial skin  test  and  then  retesting  within  1  to 
3  wk  for  those  initially  negative.  This  second 
test  is  to  identify  those  who  demonstrate 
"boosting"  after  the  second  test,  and  to  avoid 
the  possibility  that  such  individuals  would  be 
considered  "recent  converters"  on  subsequent 
testing.  Decisions  concerning  the  use  of  the 
two-step  procedure  should  be  made  on  the 
basis  of  data  on  the  frequency  of  boosting 
in  a  particular  institution. 

Persons  found  to  be  tuberculin-positive 
should  have  a  chest  radiograph  to  rule  out 
clinically  active  TB  or  to  detect  the  presence 
of  fibrotic  lesions  suggestive  of  old,  healed 
TB  or  silicosis;  persons  with  these  conditions 
should  receive  multidrug  therapy.  Once  these 
conditions  are  ruled  out,  however,  follow-up 
skin  tests  and  chest  radiographs  for  persons 


TABLE   1 
PERSONS  IN  WHOM  TUBERCULIN  SKIN-TESTING   IS  INDICATED 

Parsons  with  signs,  symptoms  (cough,  hemoptysis,  weight  loss,  etc.),  and/or  laboratory  abnormalities 

(eg,  radiographic  abnormality)  suggestive  of  clinically  active  TB. 

Recent  contacts  ot  persons  known  to  have  or  suspected  of  having  clinically  active  TB. 

Persons  with  HIV  infection. 

Persons  with  abnormal  chest  roentgenograms  compatible  with  past  TB. 

Persons  with  other  medical  conditions  that  increase  the  risk  of  TB  (silicosis.  in|ecting  drug  use. 

diabetes  mellitus.  prolonged  corticosteroid  therapy,  immunosuppressive  therapy,  some  hematologic 

and  reticuloendothelial  diseases,  end-stage  renal  disease,  and  clinical  situations  associated  with 

rapid  weight  loss) 

Groups  at  high  risk  of  recent  infection  with  M.  tuberculosis,  such  as  immigrants  from  Asia,  Africa, 

Latin  America,  and  Oceania;  medically  underserved  populations;  personnel  and  long-term  residents 

in  some  hospitals,  nursing  homes,  mental  institutions,  and  correctional  facilities. 
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with  a  positive  tuberculin  skin  test  are  unnec- 
essary. Such  persons  should  be  offered  preven- 
tive therapy,  when  appropriate,  and  should 
be  instructed  to  seek  medical  attention  should 
they  experience  symptoms  suggestive  of  TB. 

Prevention 

Isoniazid  Preventive  Therapy 
The  appropriate  use  of  preventive  therapy  for 
TB  is  critical  to  the  control  and  elimination 
of  TB  in  the  United  States.  The  main  pur- 
pose of  preventive  therapy  is  to  keep  latent 
infection  from  progressing  to  clinically  active 
TB  (secondary  prevention).  Therefore,  per- 
sons with  positive  tuberculin  skin  tests  who 
do  not  have  clinically  active  disease  should 
be  evaluated  for  preventive  therapy.  Preven- 
tive therapy  may  also  be  used  to  prevent  ini- 
tial infection  (primary  prevention). 

When  taken  as  prescribed,  preventive  ther- 
apy with  INH  is  highly  effective.  In  controlled 
trials  conducted  by  the  U.S.  Public  Health 
Service  in  ordinary  clinical  and  public  health 
settings,  12  months  of  INH  preventive  thera- 
py reduced  the  incidence  of  disease  by  54  — 
88%.  The  main  reason  for  the  variation  in 
efficacy  appears  to  have  been  the  amount  of 
medication  actually  taken  during  the  year  in 
which  INH  was  prescribed.  In  a  trial  conduct- 
ed in  eastern  Europe  among  infected  adults 
with  abnormal  chest  radiographs,  a  12-month 
course  of  INH  preventive  therapy  was  75% 
effective  among  all  persons  assigned  to  the 
regimen  and  93%  effective  among  those  who 
were  compliant  with  therapy;  a  6-month  course 
of  INH  was  69%  effective  among  those  com- 
pliant with  therapy.  INH  preventive  therapy 
has  been  shown  to  be  effective  for  long  peri- 
ods and  to  be  relatively  cost-effective  when 
compared  with  preventive  interventions  for 
other  diseases. 

Despite  its  proven  efficacy,  preventive  ther- 
apy is  less  widely  applied  in  the  United  States 
than  it  should  be.  Reports  submitted  to  the 
CDC  by  TB  control  programs  in  states  and 
large  cities  indicate  that  <  60%  of  infected 
contacts  of  persons  with  newly  diagnosed  TB 
are  being  started  on  preventive  therapy.  In  a 
study  to  determine  why  TB  is  not  prevented, 
investigators  found  that  although  three- 
fourths  of  the  TB  patients  surveyed  had  con- 
tact with  a  health-care  provider  within  the 
5  yr  before  diagnosis  of  TB,  less  than  one- 
third  of  them  had  been  tuberculin  skin-tested, 
even  though  many  had  risk  factors  for  TB. 
Of  the  persons  who  had  positive  skin  tests 
and  other  factors  placing  them  at  increased 
risk  of  disease,  only  5%  had  been  offered 
preventive  therapy. 

Certain  groups  within  the  infected  popu- 
lation are  at  greater  risk  than  others  and 
should  receive  high  priority  for  preventive 
therapy  (table  2).  Persons  infected  with  HIV 
or  who  are  otherwise  immunosuppressed, 
who  have  negative  tuberculin  skin-test  reac- 
tions (ie,  <  5  mm),  may  also  need  to  be  con- 
sidered for  INH  preventive  therapy  based  on 
the  likelihood  of  infection  with  M.  tubercu- 
losis. Public  health  officials  and  other  health- 


care providers  should  be  alert  for  other  per- 
sons in  their  communities  who  are  high- 
priority  candidates  for  preventive  therapy.  For 
example,  tuberculin-positive  staff  of  facili- 
ties in  which  an  individual  with  clinically  ac- 
tive TB  would  pose  a  risk  to  large  numbers 
of  susceptible  persons,  eg,  day-care  centers, 
should  also  be  considered  high-priority  can- 
didates for  preventive  therapy. 

If  otherwise  indicated,  preventive  therapy 
should  be  offered  to  tuberculin-positive  indi- 
viduals, regardless  of  history  of  vaccination 
with  bacille  Calmette-Guerin  (BCG). 

The  usual  preventive  therapy  regimen  is 
INH  (10  mg/kg  daily  for  children,  up  to  a 
maximum  adult  dose  of  300  mg  daily).  The 
recommended  duration  of  INH  preventive 
treatment  varies  from  6  to  12  months  of  con- 
tinuous therapy.  Twelve  months  is  recom- 
mended for  persons  with  HIV  infection  and 
other  forms  of  immunosuppression.  Other  in- 
fected persons  should  receive  a  minimum  of 
6  continuous  months  of  therapy.  It  is  recom- 
mended that  children  receive  9  months  of  ther- 
apy. For  persons  at  especially  high  risk  of  TB 
whose  compliance  is  questionable,  supervised 
preventive  therapy  may  be  indicated.  When 
resources  do  not  permit  supervised  daily  ther- 
apy, INH  may  be  given  twice  weekly  at  the 
dose  of  15  mg/kg. 

There  are  occasional  situations  in  which 
alternative  forms  of  preventive  therapy  might 
be  desirable.  Although  other  drugs  might  also 
be  effective  for  preventive  therapy,  there  are 
currently  no  data  available  documenting  the 
clinical  efficacy  of  any  drug  other  than  INH. 

Patients  should  be  thoroughly  educated 
about  signs  and  symptoms  of  toxicity  to  INH 
and  should  be  monitored  monthly  by  ap- 
propriately trained  personnel.  No  more  than 


a  1-month  supply  of  medicine  should  be  dis- 
pensed at  any  visit.  If  signs  or  symptoms  of 
toxicity  appear,  INH  should  be  stopped  im- 
mediately and  the  patient  should  be  reevalu- 
ated. INH  preventive  therapy  should  not  be 
prescribed  if  monthly  monitoring  cannot  be 
done. 

Use  of  BCG  Vaccination 
Vaccination  with  BCG  is  not  recommended 
for  widespread  use  in  the  United  States  be- 
cause of  the  low  risk  of  infection  in  the  general 
population,  and  because  BCG  vaccine  has 
varied  in  effectiveness  in  eight  major  trials 
from  zero  to  76%.  However,  BCG  vaccina- 
tion is  recommended  for  long-term  protec- 
tion of  infants  and  children  with  negative 
tuberculin  skin  tests  who  are  at  high  risk  of 
continuing  exposure  to  persons  with  infec- 
tious TB  and  who  cannot  be  placed  on  long- 
term  preventive  therapy,  or  who  are  continu- 
ously exposed  to  persons  with  INH-  and  RIF- 
resistant  disease.  BCG  vaccination  should  also 
be  considered  for  tuberculin-negative  infants 
and  children  in  groups  in  which  the  rate  of 
new  infections  exceeds  1%/yr  and  for  whom 
the  usual  treatment  and  control  programs  are 
not  effective.  These  groups  include  persons 
without  regular  access  to  health  care,  those 
for  whom  health  care  is  culturally  or  socially 
unacceptable,  and  groups  who  have  demon- 
strated an  inability  to  use  existing  health  care 

Compliance 

Noncompliance  with  therapy  is  a  major  prob- 
lem in  TB  control.  To  prevent  relapses  TB 
must  be  treated  for  many  months  — longer 
than  many  other  infectious  diseases.  On  the 
other  hand,  symptoms  often  disappear  after 


TABLE  2 
HIGH   PRIORITY  CANDIDATES  FOR  TUBERCULOSIS   PREVENTIVE  THERAPY 

Preventive  therapy  should  be  recommended  for  the  following  persons  with  a  positive  tuberculin  test,  regardless 
of  age" 

O  Persons  with  known  or  suspected  HIV  intectiont 

O  Close  contacts  of  persons  with  infectious  clinically  active  TBT 

O   Recent  tuberculin  skin  test  converters  (>  10  mm  increase  within  a  2-yr  period  for  those  <  35  yr  old. 
S  15  mm  increase  for  those  *  35  yr  old)   All  children  <  2  yr  old  with  a  >  10  mm  skin  test  are 
included  in  this  category 

O  Persons  with  medical  conditions  that  have  been  reported  to  increase  the  risk  of  TB  (eg,  diabetes  mel- 
litus,  prolonged  corticosteroid  therapy,  immunosuppressive  therapy,  some  hematologic  and  reticuloen- 
dothelial diseases,  injecting  drug  use,  end-stage  renal  disease,  and  clinical  situations  associated  with 
rapid  weight  loss). 

Preventive  therapy  should  be  recommended  for  the  following  persons  in  high-incidence  groups  with  a  positive 
tuberculin  test  who  are  <  35  yr  old  and  do  not  have  additional  risk  factors^ 
O   Non-U. S  -born  persons  from  high-prevalence  countries  (eg.  countries  in  Latin  America.  Asia,  and 

Africa) 
O  Medically  underserved  low-income  populations,  including  high-risk  racial  or  ethnic  populations,  espe- 
cially black,  Hispanic,  and  Native  American  groups. 
O  Residents  of  facilities  for  long-term  care  (eg.  correctional  institutions,  nursing  homes,  and  mental  insti- 
tutions) 

'  Persons  with  ttbrotic  infiltrates  on  chest  radiograph  thought  to  represent  old,  healed  TB  and  those  with  silicosis,  who  were 
formerly  considered  candidates  for  preventive  therapy,  should  receive  4-month  multidrug  chemotherapy  (See  ATS/CDC  Treat- 
ment Statement) 

T  Persons  in  these  categories  may  be  given  preventive  therapy  in  the  absence  of  a  positive  tuberculin  test  in  some  circum- 
stances 

t  Staff  ot  facilities  in  which  an  individual  with  current  TB  would  pose  a  risk  to  large  numbers  of  susceptible  persons  (eg,  correc- 
tional institutions,  nursing  homes,  mental  institutions,  other  health-care  facilities,  schools,  and  child-care  lacilities.  may  also  be 
considered  tor  preventive  therapy 
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a  few  weeks  of  therapy  and  patients  often  dis- 
continue therapy  at  that  time.  Compliance 
with  preventive  therapy  is  even  more  difficult 
to  ensure  as  persons  taking  the  medication 
do  not  have  symptoms  related  to  their  infec- 
tion. Furthermore,  the  concept  of  taking 
preventive  medication  may  be  unfamiliar  or 
initially  unacceptable  to  many  individuals 
who  are  infected  with  TB. 

Noncompliance  can  lead  to  treatment  fail- 
ure, drug  resistance,  continuing  transmission 
of  infection,  increasing  disability,  and  death. 
To  prevent  these  outcomes,  health-care  pro- 
viders must  learn  how  to  recognize,  prevent, 
and  manage  noncompliant  behavior. 

Recognizing  Noncompliant  Behavior 
Traditionally,  health-care  providers  have  at- 
tempted to  predict  compliance  based  on  sub- 
jective judgments  of  behaviors  or  personali- 
ty traits.  This  approach  is  not  reliable.  In  as- 
sessing compliance,  the  response  to  therapy 
is  helpful,  and  may  be  inferred  by  evaluating 
whether  the  patient's  sputum  has  converted 
to  negative  and  chest  radiograph  has  improved 
(for  patients  with  pulmonary  TB)  and  if  the 
signs  and  symptoms  have  disappeared.  Pa- 
tients who  fail  to  keep  their  appointments 
and/or  refill  their  prescriptions  are,  by  defi- 
nition, noncompliant.  Conducting  a  pill  count 
on  home  visits  or  clinic  visits  is  an  additional 
aid  in  assessing  compliance.  Asking  about 
compliance  in  a  nonthreatening  manner  may 
also  be  useful.  All  of  these  indirect  measures 
have  limitations  and  none  should  be  used  as 
the  sole  method  of  assessing  compliance. 

More  direct  measures  can  tell  the  health- 
care provider  whether  medications  have  ac- 
tually been  taken  by  a  patient.  These  mea- 
sures include  the  measurement  of  drugs  or 
their  metabolites  in  a  sample  of  the  patient's 
urine.  Several  simple  methods  for  testing  urine 
for  the  presence  of  major  anti-TB  drugs  or 
their  metabolites  have  been  published.  A 
quick  glance  at  a  patient's  urine  can  detect 
compliance  with  taking  RIF,  as  in  most  pa- 
tients RIF  turns  urine  an  orange-red  color. 
However,  factors  such  as  the  time  that  RIF 
was  taken  before  urination  and  the  patient's 
rate  of  metabolizing  the  drug  can  affect  the 
usefulness  of  this  "observational"  test. 

Promoting  Compliant  Behavior 
Consideration  should  be  given  to  treating  all 
patients  with  directly-observed  therapy 
(DOT),  which  can  be  given  on  an  intermit- 
tent schedule.  DOT  means  observation  of  the 
patient  by  a  health-care  provider  or  other 
responsible  person  as  the  patient  ingests  anti- 
TB  medications.  DOT  can  be  achieved  with 
daily,  twice-weekly,  or  thrice-weekly  adminis- 
tration of  medication.  It  may  be  administered 
to  patients  in  the  office  or  clinic  setting,  but 
is  frequently  given  by  a  health  department 
worker  in  the  "field",  ie,  the  patient's  home, 
place  of  employment,  school,  or  other  mutu- 
ally agreed-upon  place.  In  some  cases,  staff 
of  correctional  facilities  or  drug  treatment 
programs,  home  health-care  workers,  mater- 


nal and  child  health  staff,  or  responsible  com- 
munity or  family  members  may  administer 
DOT. 

There  are  many  factors  that  can  help  pro- 
mote compliance.  The  interval  between  the 
time  of  referral  and  the  time  of  appointment 
should  be  kept  to  a  minimum.  Waiting  time 
in  an  office  or  clinic  should  be  minimized. 
The  hours  of  office  or  clinic  operation  should 
be  convenient  for  the  patients,  and  the  clinic 
or  office  should  be  easily  accessible  by  pub- 
lic transportation  or  transportation  services 
should  be  available  to  patients.  Costs  of  clin- 
ic services  should  not  be  a  barrier  to  receiv- 
ing care.  Clinic  staff  characteristics  should  be 
carefully  assessed  because  patients  may  be 
more  inclined  to  cooperate  with  staff  they 
perceive  as  being  similar  to  themselves,  ie,  of 
the  same  racial  or  ethnic  group,  the  same  so- 
cioeconomic status,  etc. 

The  shortest  possible  treatment  regimen 
should  be  used.  To  minimize  the  number  of 
pills  or  capsules  that  must  be  taken,  combined 
fixed-dose  capsules  (INH-RIF)  should  be 
used.  Features  of  the  patient's  life-style,  so- 
cial support  system,  and  health  beliefs  should 
be  elicited  in  order  to  help  design  a  treatment 
strategy  that  is  tailored  to  the  patient's  needs. 

Patient  education  is  vital.  The  health-care 
provider  must  take  the  time  to  explain  in  sim- 
ple language  when  and  how  much  medica- 
tion should  be  taken  and  assure  that  the  ex- 
planation has  been  understood.  Written  in- 
structions should  also  be  provided.  Pictures 
may  be  useful  for  illiterate  patients.  An  inter- 
preter may  be  required  to  communicate  with 
those  patients  whose  native  language  is  not 
the  same  as  that  of  the  health-care  provider. 

An  approach  that  may  be  useful  is  to  as- 
sign a  specific  health  department  employee 
the  responsibility  for  the  education  of  the  pa- 
tient about  TB  and  its  treatment,  thereby  con- 
trolling the  continuity  of  therapy  and  ensur- 
ing that  contacts  are  examined.  The  health- 
care worker  should  visit  the  patient  within 
3  days  of  diagnosis  to  identify  contacts  and 
possible  problems  related  to  compliance  with 
therapy. 

Strategies  to  Manage 
Noncompliant  Behavior 
Patients  who  fail  to  keep  an  appointment 
should  be  contacted  immediately,  and  the  rea- 
son for  this  failure  should  be  elicited.  Meas- 
ures to  prevent  further  absences  should  be 
discussed. 

Use  of  incentives  and  enablers  may  help 
restore  compliance.  Health  departments  have 
successfully  used  incentives,  such  as  food  and 
clothes  to  help  previously  noncompliant  pa- 
tients complete  therapy.  Enablers  such  as  bus 
tokens  and  baby-sitting  services  may  ensure 
that  the  patient  can  get  to  the  clinic. 

A  small  but  increasing  number  of  patients 
remain  noncompliant  despite  the  use  of  all 
the  compliance-enhancing  methods  listed  pre- 
viously. Consideration  should  be  given  to  con- 
fining these  patients  to  a  hospital  or  other 
institution  for  treatment.  The  exercise  of  this 


option  depends  on  the  existence  of  appropri- 
ate laws,  cooperative  court  and  law  enforce- 
ment officials,  and  the  availability  of  institu- 
tional care. 

Data  Collection  and  Analysis 

In  order  to  establish  priorities  for  TB  control 
activities,  evaluation  of  the  extent  of  the  prob- 
lem and  of  current  activities  should  be  con- 
ducted on  a  frequent  basis  by  all  institutions 
providing  care  to  patients  with  or  at  risk  of 
clinically  active  TB  or  tuberculous  infection. 
To  accomplish  this,  institutions  should  have 
ongoing  surveillance  systems,  identifying  and 
maintaining  records  on  persons  with  TB  and 
tuberculous  infection,  the  demographic  char- 
acteristics of  these  individuals,  and  the  trends 
in  disease  and  infection  rates.  Whatever  the 
size  or  nature  of  the  activity,  each  program 
should  assess  the  efficacy  of  its  activities  and 
modify  or  abandon  activities  that  are  no 
longer  productive. 

Although  data  collected  at  all  levels  of  the 
health-care  system  should  be  analyzed  so  that 
appropriate  program  adjustments  can  be 
made,  the  bulk  of  evaluation  and  assessment 
takes  place  at  the  health  department.  Report- 
ing of  all  cases  of  clinically  active  TB  is  re- 
quired by  law  in  every  state.  Reporting  makes 
the  resources  of  the  health  department  avail- 
able to  health-care  providers  and  institutions 
to  assist  them  in  proper  management  of  the 
case  and  in  evaluation  of  contacts  to  the  case. 
All  new  TB  cases  and  suspect  cases  should 
be  reported  promptly  to  the  health  depart- 
ment by  physicians  or  other  health-care 
providers  and  by  infection  control  practition- 
ers in  the  hospital.  Laboratories  should 
promptly  report  all  sputum  smears  positive 
for  AFB,  positive  cultures,  and  instances  of 
drug  resistance.  Pharmacy  reporting  of  per- 
sons who  receive  a  supply  of  anti-TB  drugs 
may  be  useful.  State  and  local  health  depart- 
ments have  different  procedures  for  report- 
ing TB  and  other  infectious  diseases.  Health- 
care providers  should  familiarize  themselves 
with  these  procedures.  Health  department 
staff  should  conduct  periodic  reviews  of 
selected  record  systems  (eg,  laboratory  reports, 
pharmacy  reports,  AIDS  registries,  and  death 
certificates)  to  validate  the  surveillance  sys- 
tem and  to  detect  any  failure  to  report  cases. 

Health  department  TB  control  programs 
should  maintain  a  record  system  (case  regis- 
ter) with  up-to-date  clinical  and  therapeutic 
information  on  all  current  clinically  active  and 
suspected  TB  cases  in  the  community.  Health- 
care providers  attending  to  TB  patients  out- 
side of  the  health  department  must  provide 
the  health  department  with  current  informa- 
tion on  the  clinical  status  of  the  patient,  in- 
cluding the  names  of  the  patient's  medica- 
tions and  the  patient's  bacteriologic  status  (eg, 
sputum  smear  and/or  culture  positive  or  nega- 
tive). This  information  is  important  for  the 
management  of  the  patient  and  crucial  for 
the  control  of  transmission  of  disease  in  the 
community.  Health  department  TB  control 
programs  should  also  maintain  records  on  the 
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examination  and  treatment  status  of  contacts 
to  infectious  cases  of  TB  and  other  high-risk 
groups  of  infected  persons,  such  as  persons 
coinfected  with  TB  and  HIV. 

Health  department  TB  control  programs 
as  well  as  other  programs  such  as  hospital  em- 
ployee health  units,  correctional  facilities, 
schools,  and  places  of  employment,  should 
periodically  review  screening  activities  that 
are  performed.  Such  programs  should  be 
evaluated  in  terms  of  productivity  in  iden- 
tifying infected  persons  and  in  assuring  that 
such  persons  are  completing  courses  of 
preventive  therapy  when  appropriate. 

Another  method  of  assessing  TB  control 
involves  reviewing  each  new  TB  case  and  each 
death  due  to  TB  in  order  to  determine  whether 
the  case  or  death  could  have  been  prevented. 
Based  on  such  a  review,  new  policies  should 
be  developed  and  implemented  to  reduce  the 
number  of  preventable  cases  and  deaths. 

At  least  annually,  health  department  TB 
control  program  staff  should  assess  progress 
toward  achievement  of  program  objectives, 
and  assemble  and  analyze  morbidity  and  pro- 
gram management  data.  Based  on  these  as- 
sessments health  departments  should  prepare 
annual  reports  in  collaboration  with  interested 
constituencies  such  as  lung  associations, 
community-based  organizations,  and  profes- 
sional societies.  These  reports  should  docu- 
ment the  extent  and  nature  of  the  TB  problem 
in  the  area,  assess  the  adequacy  of  preven- 
tion and  control  measures,  and  make  recom- 
mendations for  program  improvements. 

Other  Functions  of  Tuberculosis 
Control  Programs 

Staff  of  TB  control  programs  should  moni- 
tor the  level  of  knowledge  about  TB  among 
health-care  workers  in  their  communities  and 
identify  training  and  educational  needs. 
Health  departments  should  work  with  local 
lung  associations,  local  medical  societies,  and 
professional  associations  in  meeting  tnese 
training  needs. 

High-risk  groups  in  the  community  should 
be  educated  about  the  signs  and  symptoms 
of  TB  and  the  methods  of  diagnosis,  treat- 
ment, and  prevention.  This  may  be  accom- 
plished through  coalitions  between  the  health 
department,  lung  associations,  and  commu- 
nity groups. 

Patients  with  clinically  active  TB  and  tuber- 
culous infection  may  be  cared  for  by  health- 
care providers  in  a  variety  of  settings.  Ulti- 
mately, it  is  the  responsibility  of  the  state  and 
local  health  department  TB  control  program, 
however,  to  assure  that  the  TB  control  pro- 
gram in  the  community  is  carried  out.  This 
supervisory  function  should  encompass  all 
TB  control  activities,  including  case  finding 
and  treatment,  data  collection  and  analysis, 
and  training. 

Summary 

TB  continues  to  be  a  major  public  health 
problem  in  many  areas  of  the  United  States. 


Elimination  of  this  disease  will  require  coor- 
dinated efforts  of  public  health  agencies, 
voluntary  health  associations,  health-care 
providers,  and  community  groups. 

TB  control  is  comprised  of  a  variety  of  ac- 
tivities. Identification  and  treatment  of  pa- 
tients with  clinically  active  disease  should  be 
the  highest  priority  for  all  TB  control  pro- 
grams. Identification  and  preventive  treat- 
ment of  infected  contacts  and  persons  with 
tuberculous  infection  at  greatest  risk  for  de- 
veloping disease  (eg,  HIV-infected,  young  chil- 
dren) should  also  receive  high  priority.  At- 
tention should  then  be  given  to  identifying 
other  high-risk  groups  and  administering 
preventive  therapy  to  those  infected. 

While  TB  control  occurs  in  many  different 
settings,  the  health  department  TB  control 
program  plays  a  pivotal  role  in  providing  clin- 
ical services,  and  performing  contact  investi- 
gations, tuberculin-testing  and  prevention  ac- 
tivities, surveillance,  and  evaluation  of  the 
community's  overall  progress  in  TB  elimi- 
nation. Health  departments  should  receive 
strong  and  continuing  support  from  medical 
care  providers,  voluntary  health  organiza- 
tions, and  community  groups  if  TB  elimina- 
tion is  to  be  achieved. 

Glossary 
Acid-fast  bacilli  (AFB)  — Organisms  that  re- 
tain certain  stains,  even  after  being  washed 
with  acid  alcohol.  Most  acid-fast  organisms 
are  mycobacteria.  When  seen  on  a  stained 
smear  of  sputum  or  other  clinical  specimen, 
a  diagnosis  of  tuberculosis  should  be 
considered. 

Acid-fast  bacilli  (AFB)  isolation  precautions  — 

Infection  control  procedures  which  should  be 
applied  when  persons  with  known  or  suspect- 
ed infectious  tuberculosis  are  hospitalized  or 
residing  in  other  inpatient  facilities.  These 
precautions  include  the  use  of  a  private  room 
with  negative  pressure  in  relation  to  surround- 
ing areas  and  exhaust  of  air  from  the  room 
directly  to  the  outside.  Not  the  same  as  "re- 
spiratory isolation,"  which  calls  for  a  private 
room,  but  does  not  require  negative  pressure 
and  exhaust  of  room  air  to  the  outside. 

Anergy  — Inability  to  mount  a  delayed-type 
hypersensitivity  response  to  one  or  several 
skin-test  antigens  as  a  result  of  immunosup- 
pression due  to  disease  (e.g.,  HIV  infection) 
or  immunosuppressive  drugs. 

Clinically  active  TB  — Clinical  and/or  radio- 
graphic evidence  of  current  tuberculosis.  Es- 
tablished most  definitively  by  isolation  of  M. 
tuberculosis  on  culture. 

Compliance  —  Refers  to  the  completion  by  pa- 
tients of  all  aspects  of  the  treatment  regimen 
as  prescribed  by  the  medical  provider. 

Contact  — An  individual  who  has  shared  the 
same  air  space  with  a  person  with  infectious 
tuberculosis  for  a  sufficient  period  of  time 
to  make  transmission  of  infection  likely. 

Containment  —  Stopping  the  spread  of  tuber- 
culous in  feet  ion .  The  primary  methods  of  con- 


tainment of  tuberculosis  are  treatment  of  per- 
sons with  disease,  preventive  treatment  of  per- 
sons with  infection,  and  effective  application 
of  infection  control  measures. 
Directly  Observed  Therapy -A  compliance- 
enhancing  strategy  in  which  each  dose  of 
medication  is  given  under  the  supervision  of 
a  health  care  worker  or  other  responsible 
person. 

Disposable  Particulate  Respirator  (PR)  — A 

face  mask  that  is  designed  to  fit  snugly  and 
to  filter  out  particles  in  the  droplet  nuclei  size 
range  (1-5  microns  in  diameter). 

Droplet  nuclei -Microscopic  particles  (1-5 
microns)  produced  by  expiratory  maneuvers, 
such  as  coughing  and  sneezing,  which  carry 
tubercle  bacilli  and  remain  airborne  by  nor- 
mal air  currents  in  a  room. 
HEPA  (High  Efficiency  Particulate  Air) 
Filter  — Specialized  filter,  which  is  capable 
of  removing  nearly  all  particles  >  0.3  mi- 
crons in  diameter.  May  be  of  assistance  in  en- 
vironmental control  of  tuberculosis  transmis- 
sion. Requires  expertise  in  installation  and 
maintenance. 

Mycobacterium  tuberculosis  complex  —  The 

complex  of  mycobacterial  species  which 
causes  tuberculosis.  Includes  M.  tuberculo- 
sis, M.  bovis,  and  M.  afneanum. 

Preventive  therapy  —  Chemotherapy  of  tuber- 
culous infection,  primarily  used  to  prevent 
progression  of  infection  to  clinically  active 
disease. 

Primary  prevention  of  tuberculosis  —  Use  of 

preventive  therapy  in  persons  heavily  exposed, 
but  not  yet  infected  with  tubercle  bacilli. 

Secondary  prevention  of  tuberculosis  — Use 

of  preventive  therapy  in  persons  infected  with 
tubercle  bacilli  who  do  not  have  clinically  ac- 
tive disease. 

Source  case  — An  individual  with  infectious 
tuberculosis  who  is  capable  of  or  responsible 
for  infecting  others. 

Source  control  —  Preventing  infectious  drop- 
let nuclei  from  being  disseminated. 

Sputum  smear-positive  —  AFB  are  visible  af- 
ter staining  when  viewed  under  a  microscope. 
Individuals  with  sputum  smear-positive  for 
AFB  are  considered  more  infectious  than 
those  with  smear-negative  sputum. 

Surveillance  — Activities  related  to  finding 
cases,  guiding  them  into  the  health  care  sys- 
tem, and  maintaining  records  on  such  cases 
for  such  purposes  as  identifying  high-risk 
groups  and  trends  in  morbidity  and  related 
mortality.  Includes  activities  related  to  iden- 
tifying and  maintaining  records  on  persons 
with  tuberculous  infection  as  well,  in  order 
to  identify  candidates  for  preventive  therapy 
and,  in  institutional  settings,  to  identify  the 
quality  of  infection  control  practices. 

Tubercle  bacilli  —  Term  often  used  to  refer  to 
Mycobacterium  tuberculosis  complex. 
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Tuberculin  skin-test  —  A  method  for  demon- 
strating infection  with  Mycobacterium  tuber- 
culosis in  which  an  antigenic  protein  from  M. 
tuberculosis  cultures  is  introduced  into  the 
skin,  either  intradermal^  or  percutaneously. 

Tuberculosis  case  —  An  individual  with  clin- 
cally  active  tuberculosis. 

Tuberculosis  suspect  —  An  individual  likely  to 
have  clinically  active  tuberculosis.  Should  be 
started  on  multiple  drug  therapy.  Contact  in- 
vestigation should  be  started  as  soon  as  pa- 
tient is  a  suspect  and  not  delayed  until  diag- 
nosis is  confirmed. 

Tuberculous  infection  — Condition  in  which 
living  tubercle  bacilli  are  present  in  an  in- 
dividual, without  producing  clinically  active 
disease.  Infected  individual  usually  has  a  posi- 
tive tuberculin  skin-test,  but  does  not  have 
symptoms  related  to  the  infection,  and  is  not 
infectious. 

Ultraviolet  (UV)  lamps  — Germicidal  lamps 
which  emit  radiation  predominantly  in  the 
254  nanometers  range  (intermediate  between 
visible  light  and  X-rays).  Can  be  used  in  ceil- 
ing or  wall  fixtures  or  within  air  ducts  of  recir- 
culating ventilation  systems.  Effective  in  kill- 
ing many  bacteria,  including  tubercle  bacilli. 


Further  information  about  tuberculosis  con- 
trol may  be  obtained  from  your  State  and/or 
local  Tuberculosis  Control  Program;  local  af- 
filiates of  the  American  Lung  Association; 
the  Division  of  Tuberculous  Elimination,  Na- 
tional Center  for  Prevention  Services,  Centers 
for  Disease  Control,  Atlanta,  GA  30333  (404- 
639-2508);  or  from  the  American  Thoracic 
Society,  1740  Broadway,  New  York,  NY  10019- 
4374  (212-315-8700). 

Appendix 

This  statement  is  one  of  a  series  of  three  state- 
ments on  diagnosis,  treatment,  and  control 
of  TR  For  information  on  diagnostic  methods 
refer  to  "Diagnostic  Standards  and  Classifi- 
cation of  Tuberculosis"  (Am  Rev  Respir  Dis. 
1990;  142:725-35).  For  information  on  the 
treatment  of  TB  and  TB  infection,  refer  to 
"Treatment  of  Tuberculosis  and  Tuberculo- 
sis Infection  in  Adults  and  Children"  (Am  Rev 
Respir  Dis  1986;  134:355-63).  Information  on 
diagnosis  and  treatment  of  disease  caused  by 
nontuberculous  mycobacteria  can  be  found 
in  "Diagnosis  and  Treatment  of  Disease 
caused  by  Nontuberculous  Mycobacteria" 
(Am  Rev  Respir  Dis  1990;  142:940-53). 
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Retrospectroscope  Redux: 


Frankenstein,  Pickwick,  and  Ondine 


In  1816,  Percy  and  Mary  Shelley  were  on  holiday 
in  Switzerland  and  became  the  neighbors  of  Lord 
Byron  and  his  friend  Polidori.  Incessant  rain  kept 
them  indoors  for  days;  to  relieve  the  tedium,  Byron 
suggested  that  each  write  a  ghost  story.  All  four  ac- 
cepted the  assignment  but  only  one,  Man'  Shelley, 
completed  it;  she  produced  a  story,  published  in 
1818,  "Frankenstein  or,  the  Modern  Prometheus." 

Over  the  years,  some  interesting  errors  have 
crept  into  the  telling  and  retelling  of  her  story.  One 
of  these  concerns  the  answer  to  "Who  was  Frank- 
enstein?" Another  concerns  the  answer  to  "Who 
created  the  destructive  monster?"  If  there  were  a 
Gallup  poll  on  these  questions,  I  would  estimate 
that  half  of  those  queried  would  answer  that  Frank- 
enstein was  the  monster  that  was  created  by  a  sci- 
entist (name  unknown),  and  the  other  half  would 
answer  that  Frankenstein  was  a  scientist  who  created 
a  destructive  monster  (name  unknown).  Of  my  dic- 
tionaries, most  give  two  answers  (that  Frankenstein 
was  a  student  who  created  a  monster,  and  that  Frank- 
enstein was  the  man-made  monster) .  One  diction- 
ary simply  labels  Frankenstein  as  the  monster;  only 
one  states  that  the  name  Frankenstein  is  often  in- 
correctly employed  to  denote  the  monster  itself. 

If  you  will  go  [to]  the  original  source  (and  that  is 
one  of  my  themes  today) — Mary  Shelley's  book, 
rather  than  latter-day  entertainment  "based  on"  her 
novel — you  will  soon  see  that  Frankenstein  was  nei- 
ther the  monster  nor  the  creator  of  a  destructive 
monster.  Victor  Frankenstein  was  a  brilliant  student 
of  "natural  philosophy"  (medicine?)  at  Ingolstadt 
University,  then  in  central  Bavaria.  But  Victor  Frank- 
enstein did  not  create  a  destructive  monster;  create  he 
did,  but  the  "monster"  was  a  gentle,  intelligent  man 


who  longed  for  the  affection  of  his  fellow  man.* 
Mary  Shelley  went  to  great  lengths  to  tell  her  read- 
ers that  it  was  cruel  treatment  by  his  fellow  man  that 
turned  him  into  a  destructive  monster. 

As  the  "monster"  later  recounted  to  his  creator: 
"Everywhere  I  see  bliss  from  which  I  alone  am  ir- 
revocably excluded.  I  was  benevolent  and  good;  mis- 
ery made  me  a  fiend  .  .  .  my  soul  glowed  with  love 
and  humanity;  but  am  I  not  alone,  miserably  alone? 
Your  fellow  creatures  .  .  .  they  spurn  and  hate  me." 
Again,  "I  had  hardly  placed  my  foot  within  the  door, 
before  the  children  shrieked,  and  one  of  the  wom- 
en fainted.  The  whole  village  was  aroused;  some 
fled,  some  attacked  me,  until,  grievouslv  bruised  by 
stones  and  many  other  kinds  of  missile  weapons,  I 
escaped.  ...  I  retreated  from  the  barbarity  of  man." 
"There  was  none  among  the  myriads  of  men  that  ex- 
isted who  would  pity  or  assist  me." 

Finally,  upon  rescuing  a  young  girl  from  drown- 
ing, he  was  shot  by  her  friend.  He  then  became  a  de- 
structive monster.  "This  was  then  the  reward  for  my 


Reprinted,  with  permission  Iron]  the  American  Lu 
from  Am  Rev  Respir  Dig  1975;  1 1  1:689-692. 


*Frankenstein  "succeeded  in  discovering  the  cause  of  generation 
and  life  and  .  .  .  became  capable  of  bestowing  animation  upon 
lifeless  matter."  But  he  worked  long  before  the  advent  of  micro- 
surgery, and  because  lu-  could  uot  handle  certain  minute  parts, 
he  was  forced  to  work  on  a  larger-than-human  scale.  As  a  result, 
he  put  together  a  man  about  eight  feet  tall.  Although  he  look  in- 
finite pains  over  several  years  to  collect  appropriate  materials 
from  dissection  looms  and  slaughter  houses,  and  although  he- 
was  a  master  in  his  new  an  ol  transplantation,  he-  was  noi  a  genius 
in  cosmetic  surgery  and  his  product  was  not  the  thing  of  physical 
beauty  that  he  had  hoped  lor.  Frankenstein  recalls:  "His  yellow 
skin  scarcely  covered  the  work  of  muscles  and  arteries  beneath; 
his  hair  was  lustrous  hkuk  and  flowing;  his  teeth  a  pearl}  white 
ih-ss;  Inn  these  luxuriances  only  formed  a  more  lion  id  contrast 
with  his  watery  eyes,  thai  seemed  almost  ol  the  same  coloui  as  the 
dun  whin-  sockets  in  which  the)  were  set.  his  slu  ivelled  com- 
plexion and  straight  black  lips.  .  .  .The  beauty  ol  the-  dream  van- 
ished,and  brethlessh a  and  disgust  filled  my  heart." 
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benevolence!  I  had  saved  a  human  being  from  de- 
struction, and,  as  a  recompense,  I  now  writhed  tin- 
der the  miserable  pain  of  a  wound,  which  shattered 
the  flesh  and  bone.  Inflamed  by  pain,  I  vowed  eter- 
nal hatred  and  vengeance  to  all  mankind." 

Man'  Shelley  is  long  dead  and  Victor  Franken- 
stein and  his  monster  were  fictional,  so  does  it  mat- 
ter who  was  who  and  who  created  what?  I  believe  it 
does  matter  a  bit  and  for  several  reasons. 

One  is  that  today's  public  is  concerned  with  the 
effects  on  society  of  unrestricted  scientific  experi- 
mentation and  wonders  whether  the  world  would  be- 
better  off  without  knowledge  of  nuclear  physics  and 
the  genetic  code.  Mavbe  it's  worth  noting  here  that 
it  was  a  scientist,  Frankenstein,  who  created  the  man 
— a  scientist  whose  goals  were  to  "pour  a  torrent  of 
light  into  a  dark  world,"  to  create  better  beings  with 
"happy  and  excellent  natures"  and  "to  renew  life 
where  death  had  apparently  devoted  the  body  to 
corruption."  To  be  sure,  the  scientist  did  create  an 
oversize  man  (except  for  a  basketball  team)  whose 
physical  features  were  somewhat  less  pleasing  than 
those  of  Paul  Newman,  but  the  man  he  created 
glowed  with  love  and  humanity.  It  was  others  (non- 
scientists)  whose  lack  of  love  and  humanity  changed 
him  from  an  unattractive  giant  into  a  destructive 
monster.  (It  is  interesting  that  the  role  of  the  sci- 
entist was  a  matter  for  discussion  when  Mary  Shelley 
wrote  her  book  in  1816-1818;  she  has  one  of  Frank- 
enstein's professors  saying:  "The  labours  of  men  of 
genius,  however  erroneously  directed,  scarcely  ever 
fail  in  ultimately  turning  to  the  solid  advantage  of 
mankind."). 

Another  reason  to  keep  authors  and  characters 
straight  is  that  errors  pop  up  over  and  over  when- 
ever medical  scientists  decide  to  draw  from  litera- 
ture to  "enrich"  medical  terminology.  Two  literary 
errors  in  the  field  of  pulmonary  medicine  are  the 
"Pickwickian  Syndrome"  and  "Ondine's  Curse"; 
such  errors  rarely  advance  and  usually  retard  med- 
ical science. 

The  "Pickwickian  Syndrome."1  In  1836-1837,  Charles 
Dickens  wrote  The  Posthumous  Papers  of  the  Pickwick 
(Huh,  usually  referred  to  as  the  Pickwick  Papers;  the 
members  of  this  club  were  called  Pickwickians.  And 
so  we  have  every  right  to  expect  that  these  Pickwic  k- 
ians  suffered  from  the  classic  symptoms  that  today's 
physician  associates  with  the  Pickwickian  Syndrome. 
But  neither  Samuel  Pickwick  nor  any  of  his  fellow 
Pickwickians,  as  far  as  one  can  tell,  was  either  un- 
usually plump  or  pathologically  sleepy.  Joe,  who 
sometimes  drove  Mr.  Wardle's  barouche,  ran  er- 
rands for  him,  and  waited  at  table,  was  indeed  fat 


and  unbelievably  sleepy— even  dozing  off  while  run- 
ning errands  and  snoring  while  serving  at  table. 
Dickens  sometimes  called  him  "Joe"  but  more  often 
"the  fat  boy."  Dickens'  descriptions  of  Joe's  com- 
bination of  excessive  obesity  and  unique  som- 
nolence are  probably  better  than  those  entered  into 
medical  records  by  medical  residents  or  into  med- 
ical journals  by  medical  authors.  But  "the  fat  boy" 
(or  Joe)  was  simply  not  a  "Pickwickian ";  labeling 
Joe's  condition  the  "Pickwickian  Syndrome"  creates 
both  literary  and  scientific  errors.  Scientists  who  are 
painfully  wounded  by  scientific  errors  that  find  their 
way  into  medical  journals  actually  seem  to  be 
amused — even  delighted — by  literary  errors  and 
happily  accept  and  perpetuate  them.  For  example. 
James  and  associates-  call  it  a  "charming  sobriquet 
more  justified  by  poetic  license  than  by  literary  his- 
tory," but  then  go  right  ahead  and  title  their  paper, 
"Pickwickian  Syndrome."  I  believe  that  dubbing  "the 
fat  boy"  a  Pickwickian  is  much  like  calling  the  trans- 
formation of  Lot's  wife  into  a  pillar  of  salt  the  "Bib- 
lical Syndrome"  because  she  was  a  minor  character 
who  appeared  in  a  well-known  book  called  the 
Bible. 

Let's  pass  over  the  "charming"  literary  error  and 
go  on  to  the  clinical  errors  in  the  title  "Pickwickian 
Syndrome."  Dickens'  description  of  Joe  does  serve 
nicely  as  a  prototype  for  patients  with  coexisting 
obesity  and  somnolence.  But  nowhere  in  The  Post- 
humous Papers  of  the  Pickwick  Club  does  Joe  have  ap- 
nea, irregular  respiration,  slow  breathing,  or  cyano- 
sis. Once  Dickens  says  that  Joe  "breathed  heavily," 
but  this  is  scarcely  evidence  for  hypoventilation. 
Once  Dickens  refers  to  the  fat  boy  as  "red  faced," 
but  this  is  scarcely  evidence  of  cyanosis;  indeed,  we 
Americans  assume  that  most  nineteenth  century 
Englishmen  were  red  faced,  either  from  living  in  un- 
derheated  quarters  or  from  being  overtoasted  by  an 
open  fire!  And  at  the  end  of  Pickwick  Papers — two 
years  later — Joe  is  much  the  same  as  at  the  be- 
ginning, fat  and  sleepy,  but  no  better  and  no  worse. 

One  essential  feature  of  Burwell's  "Pickwickian 
Syndrome"1  is  hypoventilation;  another  is  extreme 
obesity.  The  title  gives  no  clue  as  to  what  causes  ei- 
ther of  these.  Since  Burwell's  patient  lost  his  hypo- 
ventilation when  forced  to  lose  weight,  the  patient's 
disorder  was  a  specific  one:  hypoventilation  due  to 
obesity.  Such  a  label  would  have  identified  the  dis- 
order, its  cause,  and  treatment  and  avoided  confu- 
sion with  hypoventilation  that  occurs  in  thin,  lively 
patients  or  thin  lethargic  patients  with  either 
healthy  lungs  or  with  one  of  main  diseases  of  the 
lungs  and  thorax. 
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"Ondine's  Curst'"*  also  suffers  from  both  literal")' 
and  clinical  errors.  There  were  indeed  ondines  and 
from  time  to  time  one  fell  in  love  with  a  man  and 
longed  to  be  transformed  into  human  form  (fe- 
male) and  acquire  a  soul.  But  the  King  of  the  On- 
dines, 4h  sometimes  called  the  "King  of  the  sea,"4,1 
"the  old  one,"4''  or  Uncle  Kuhleborn,'  warned  his 
school  of  mermaids  that  an  ondine  who  went  the 
mortal  route  was  on  a  risky  course:  a  disagreeable 
ending  was  in  store  for  someone  if  an  ondine  mar- 
ried a  mortal  and  was  then  jilted  for  an  ordinary  hu- 
man female.  This  warning  was  referred  to  as  "the 
pact"  and  everyone  (except  the  mortal  husband) 
knew  the  rules. 

However,  each  author  who  wrote  about  ondines 
concocted  different  rules.  The  original  rule — way 
back — was  that,  if  deserted,  the  jilted  ondine  must 
give  up  her  lower  limbs,  take  back  her  fishy  tail,  and 
return  forever  to  the  sea  (and  since  ondines  lived 
about  300  years,  this  wasn't  too  severe  a  penalty). 
However,  Hans  Christian  Andersen,1'  in  "The  Little 
Mermaid,"  was  tougher  and  ruled  that  she  would 
suffer  a  broken  heart  and  return  to  the  sea  as  foam. 
Actually,  Andersen  relented  and  agreed  to  save  her 
if  she  killed  her  unfaithful  husband  ("either  he  or 
you  must  die  before  the  sun  rises").  She  refused  to 
make  a  deal  and  Andersen  relented  again  and 
changed  her  to  a  special  kind  of  angel  ("daughter 
of  the  air"). 

De  La  Motte-Fouque  '  ruled  that  the  jiltee  must 
return  forever  to  the  sea  and  the  jilter  must  forfeit 
his  life.  Giraudoux4  changed  the  rules  again  by  spec- 
ifying the  manner  of  the  jilter's  death:  he  had  to 
command  himself  to  perform  voluntarily  all  of  his 
body  functions  that  normally  went  on  automatically 
(one,  but  only  one,  of  these  was  breathing).  It  was 
Giraudoux's  pact  that  inspired  the  appellation  "On- 
dine's Curse"  (more  later). 

The  literary  error  is  that  no  ondine  ever  "cursed" 
her  unfaithful  husband — no  matter  who  wrote  the 
story  or  in  what  century.  "The  Little  Mermaid"0  was 
incapable  of  killing  her  husband  and  her  last  act  as 
a  human  was  to  kiss  her  husband  as  he  slept  with  his 
lovely  bride!  Undine'  kissed  her  errant  husband 
"with  a  heavenly  kiss  .  .  .  pressed  him  ever  closer  and 
closer  to  her  and  wept  as  if  she  would  weep  away  her 
soul.  The  tears  flooded  the  eyes  of  the  knight,  and 
in  a  sweet  agony  of  woe  they  so  whelmed  his  bosom 
that  at  length  they  bore  his  breath  away.  .  .."  On- 
dine4 pleaded  with  her  King  to  save  her  Hans.  Fail- 
ing at  that,  she  then  concocted  a  storv  that  it  was  she 
and  not  Hans  who  was  unfaithful.  Failing  again,  she 
conceded  that  Hans  had   made   her  unhappy  but 


argued,  'Just  because  I'm  unhappy,  it  doesn't  mean 
thai  I'm  not  happy  as  well.  .  .  .  The  more  you  suffer, 
the  happier  you  are.  And  I'm  happy;  I'm  the  happi- 
est woman  in  the  world.  .  .  .  Save  him!"  And  as  Hans 
was  dying,  he  said,  "We  can  only  talk  or  kiss,  On- 
dine, we  can't  do  both,"  and  Ondine  replies,  "Then 
I'll  be  quiet."  Ondine  would  turn  over  in  her  watery 
grave  if  she  could  read  in  medical  journals,  "Re- 
buffed by  the  man  she  loved,  in  revenge  she  cursed 
him  .  .  .,"  or,  "shunned  by  her  lover,  she  placed 
upon  him  a  curse,"  or,  jilted  by  her  mortal  hus- 
band, (she)  took  from  him  all  automatic  functions." 
The  scientific  error  in  "Ondine's  Curse"  is  that  it 
was  meant  to  describe  a  patient  with  a  single  dis- 
order— a  specific  type  of  respiratory  failure  in  which 
the  patient  breathes  inadequately  or  not  at  all  un- 
less commanded  to  ventilate  normally.  The  first 
well-studied  case'  was  that  of  a  63-year-old  man  who 
had  only  one  medical  problem.  He  was  not  obese. 
He  was  not  somnolent.  He  had  nothing  wrong  with 
his  lungs  or  thorax;  his  pulmonary  function  tests 
were  completely  normal  (imagine  a  63-vear-old  man 
with  a  maximal  breathing  capacity  of  194  liters  per 
min!).  His  only  problem  was  that  he  lapsed  into  hy- 
poventilation (and  hypoxemia  and  COL.  retention) 
unless  paced  by  his  physician.  Contrast  that  with 
Hans'  syndrome  in  Ondine. ' ' 

ONDINK:  In  ic>  live,  Hans.  You  will  forget  too. 

HANS:  Tit  to  live!  That's  easy  to  say,  isn't  it.  If  only  I  tared 
about  living!  Since  you  went  away,  I've  had  to  force  ni\ 
body  to  do  things  it  should  do  automatically.  I  no  long- 
er see  unless  I  order  my  eyes  to  see.  I  don't  see  the 
grass  is  green  unless  I  tell  them  to  see  it  green.  And  it's 
not  much  fun,  black  grass.  I  can  tell  you.  1  have  five 
senses,  thirty  muscles,  even  my  bones  to  command;  it's 
an  exhausting  stewardship.  11  1  relax  mv  vigilance  for 
one  moment,  I  may  forget  to  hear  or  to  breathe.  He 
died,  they'll  s.iv.  because  he  could  not  longer  bother  to 
breathe.  He  died  of  love  .  .  . 

By  no  stretch  of  the  imagination  did  Hans  suffer 
from  a  single  disorder  of  hypoventilation.  He  had 
lost  his  color  vision,  his  vision,  his  hearing,  and  in- 
deed all  five  senses;  and  he  couldn't  move  non- 
respiratory muscles  unless  he  commanded  that  they 
function  properly. 

A  generalized  clinical  disorder  such  as  this — 
involving  all  sensory  and  motor  systems  (and  there- 
fore loss  of  all  reflexes),  and  yet  reversible  by  willing 
that  it  be  reversed — max  exisi  in  the  annals  of  neu- 
ropsychiatry, but  no  one  has  yel  described  hypo- 
ventilation or  apnea  as  pari  of  such  a  widespread 
disaster. 
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Mellins  and  associates,8  in  reviewing  the  pub- 
lished cases  of  "Ondine's  Curse"  titled  their  paper, 
"Failure  of  Automatic  Control  of  Ventilation." 
Doesn't  that  say  everything  that  need  be  said  with- 
out invoking  both  literary  and  clinical  errors? 

Because  every  proper  medical  article  should  have 
some  conclusions,  I  offer  these: 

(1)  Those  who  quote  literature  should  first  read 
it.  An  "Ondine's  Curse"  (in  its  entirety)  on  writers 
who  fail  to  read  original  sources! 

(2)  It's  nice  to  have  a  short  name  for  a  long  syn- 
drome but  not  if  it  makes  more  work  for  the  reader. 
To  make  my  point,  I  will  label  a  highly  specific  and 
rare  syndrome  "The  Angels'  Curse"  and  refer  you  to 
Genesis  19:17-26.  When  you  find  your  Bible  and 
read  the  proper  chapter  and  verse,  you  will  wonder 
why  I  didn't  call  it  directly  by  its  scientific  name  (hy- 
persalinic  rigor)  and  save  you  the  trouble  of  reading 
the  Bible. 

(3)  There  are  many  causes  of  hypoventilation, 
such  as  stiff  lungs  and  thorax,  obstructed  small  air- 
ways, extra  work  of  breathing  imposed  by  excessive 
obesity,  disorders  of  the  motor  system  (spinal  cord, 
anterior  horn  cells,  motor  nerves,  neuromuscular 
junction,  and  respiratory  muscles),  diminished  sen- 
sory input  to  the  reticular  activating  system  or  me- 
dulla, depression  of  the  brain  or  brain  stem,  deep 
sleep,  and  obstructed  upper  airways.  Burwell  and  as- 
sociates' described  hypoventilation  coupled  with 
obesity  and  somnolence;  Auchincloss  and  co-work- 
ers9 wrote  about  hypoventilation  coupled  with  obes- 
ity but  not  somnolence;  Ratto  and  associates7  de- 
scribed hypoventilation  without  obesity,  without 
somnolence,  and  without  lung  disease.  Obviously,  a 
lot  of  specific  disorders  must  still  be  sorted  out  of  a 
bag  called  hypoventilation;  good  terminology  might 
help. 


(4)  Someone  once  wrote:  "Scientists  who  intro- 
duce new  terminology  should,  by  law,  be  required 
to  post  a  $1,000  bond,  to  be  forfeited  if  the  ui- 
minology  is  both  misleading  and  used."'";l  Not  a  bad 
idea  at  all  except  that  the  author  repeated  the  same 
statement  nine  years  later""1 — without  making  al- 
lowances for  inflation! 

Julius  H.  Comroe.Jr. 
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Guidelines  for  Pulmonary  Rehabil- 
itation Programs:  American  Asso- 
ciation of  Cardiovascular  and  Pul- 
monary Rehabilitation,  edited  by 
Gerilynn  Connors  RRT  and  Lana 
Hilling  CRTT  RCP.  Soft-cover.  139 
pages,  illustrated.  Champaign  IL: 
Human  Kinetics  Publishers,  1993. 
$28.00.  Call  1-800-747-4457  to  pur- 
chase. 

This  book  presents  national  guide- 
lines established  by  the  American 
Association  of  Cardiovascular  and 
Pulmonary  Rehabilitation  (AACVPR), 
a  multidisciplinary  organization  of 
healthcare  professionals  engaged  in 
the  practice  of  cardiac  and  pulmo- 
nary rehabilitation.  It  specifically  fo- 
cuses on  content  essential  for  pro- 
viding quality  care  to  patients  who 
have  chronic  lung  diseases  or  condi- 
tions. 

Written  by  an  expert  team  of  pul- 
monary rehabilitation  practitioners 
and  then  reviewed  by  both  external 
reviewers  and  the  AACVPR  Board 
of  Directors  before  publication,  this 
resource  is  intended  for  pulmonary 
rehabilitation  specialists  and  students 
as  diverse  in  discipline  as  nurses, 
physicians,  physical  and  occupation- 
al therapists,  respiratory  therapists, 
and  exercise  physiologists.  The  con- 
tributors take  a  strong  stance  in  de- 
livering the  evidence  for  and  mes- 
sage that  pulmonary  rehabilitation  is 
"for  every  patient  with  chronic  ob- 
structive pulmonary  disease,  not  just 
those  with  end-stage  disease  and  se- 
vere limitation"  (as  stated  in  the 
Foreword  by  John  E  Hodgkin  MD). 
However,  unlike  some  other  guide- 
line books  on  rehabilitation  that  sug- 
gest a  common  recipe  for  the  inter- 
vention strategy  fo;  patients  with  a 
specific  disease  or  condition,  this 
AACVPR  guidebook  emphasizes  the 
rehabilitative  needs  and  specific  goals 


for  individual  patients,  selecting  only 
the  services  judged  to  be  appropriate. 

Similar  in  organization  and  format 
to  the  AACVPR  Guidelines  for  Car- 
diac Rehabilitation  Programs  (CRP) 
published  in  1991,  the  Guidelines  for 
Pulmonary  Rehabilitation  (PRP)  pro- 
vide an  AACVPR  position  paper 
(Appendix  A)  that  amounts  to  a 
scholarly  review  of  the  scientific  lit- 
erature (controlled  and  uncontrolled 
studies  clearly  delineated)  on  this 
topic  of  clinical  importance.  Both 
books  have  excellent  chapter  refer- 
ence lists  and  each  incorporate  nu- 
merous photos  of  actual  program  ac- 
tivity (often  one  or  more  per  page). 
The  PRP  guidelines  incorporate,  in 
my  opinion,  several  improvements 
over  the  CRP  resource,  including  a 
conclusion  section  or  summary  at  the 
end  of  each  of  its  seven  chapters,  ac- 
tual PRP  forms  in  the  text  of  ap- 
propriate chapters  rather  than  as  Ap- 
pendix items,  two  case  histories  that 
effectively  model  the  application  of 
chapter  content  covered  in  the  text, 
and  an  outstanding  comprehensive 
and  current  (through  July  1,  1992) 
Training  Resource  section  (Appen- 
dix D). 

A  closer  look  at  each  of  the  seven 
chapters  reveals  the  true  value  of  this 
text  as  a  clinical  resource.  In  Chapter 
1,  pulmonary  rehabilitation  is  de- 
fined and  an  overview  to  this  area  of 
rehabilitation  is  provided.  A  distinct 
emphasis  is  directed  toward  the  in- 
dividual needs  of  patients  to  achieve 
optimal  health  by  addressing  psycho- 
logical, emotional,  and  physical  attri- 
butes. Special  features  include  a  Code 
of  Ethics  for  PR  team  members 
(Page  5),  essential  components  of  a 
PRP  (Fig.  1.1,  Page  7),  and  demon- 
strated outcomes  of  PR  (Table  1.2. 
Page  6). 

Chapter  2  identifies  selection  and 
team  assessment  of  the  PR  candidate. 


A  perspective  or  philosophy  is 
shared  that  "any  patient  with  impair- 
ment because  of  lung  disease  and 
who  is  motivated  should  be  a  can- 
didate for  PR."  Specific  criteria  to  be 
evaluated  in  the  selection  process  are 
clearly  delineated  in  Table  2.5.  Page 
14.  In  addition,  an  often  neglected  or 
glossed  over  topic  area — the  role  of 
sexuality  as  it  impacts  on  the  per- 
son— is  candidly  covered  in  this 
chapter,  with  Table  2.7  (Page  21)  ad- 
dressing assessment  of  the  chronic 
pulmonary  patient  with  sexual  dys- 
function. 

Early  on  in  these  guidelines  (in 
Chapter  3),  patient  training  for  be- 
havioral change  receives  attention 
rather  than  being  tacked  on  at  the 
very  end  like  many  other  resource 
texts.  Of  particular  merit  is  the  in- 
fusion of  education  theories  for  ef- 
fective learning  and  determining  the 
person's  primary  learning  mode  (ie, 
auditory,  visual,  or  kinesthetic).  Fig- 
ure 3.1  on  Page  26  presents  a  very 
intriguing  "Scale  of  Learning"  as  it 
relates  to  retention  on  the  part  of  the 
learner. 

Chapter  4,  "Exercise  Testing  and 
Training."  appropriately  highlights 
the  specificity  of  testing  and  its  im- 
portance in  exercise  prescription  for 
specificity  of  training  results.  It 
openly  discusses  the  clinical  di- 
lemma in  which  there  are  no  clinical 
features  that  can  predict  the  exercise 
response  reliably.  This  chapter  offers 
useful  hints  about  equipment  used  in 
PRP  (eg,  purchasing  a  treadmill  that 
has  the  capability  of  being  adjusted 
for  speeds  less  than  1  mph  to  accom- 
modate the  most  disabled  of  patients) 
and  features  a  perceived  symptom 
scale  (Figure  4.2.  Page  43)  to  rate 
symptoms  of  breathlessness. 

Chapter  5,  though  brief,  is  de- 
voted entirely  to  the  psychosocial 
components  of  PRP.  Table  5.1.  Page 
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50,  provides  a  list  of  psychosocial 
measurements  useful  in  the  patient 
evaluation  process,  not  as  an  after- 
thought at  the  end  of  the  book,  but 
rather  in  the  heart  of  it. 

Chapter  6  deals  with  patient  out- 
comes, program  follow-up,  and  con- 
tinuous quality  improvement,  a  time- 
ly and  increasingly  important  section, 
because  quality  of  life  issues  and 
reimbursement  criteria  and  guide- 
lines demand/mandate  more  of  the 
clinician's  attention.  Tables  6.1  and 
6.2  (Pages  56  and  57)  describe  what 
to  include  in  evaluating  patient  out- 
comes and  how  to  carry  out  such  an 
appraisal.  A  most  informative  PRP 
follow-up  questionnaire  is  shared 
(Figure  6.1,  Pages  58-59)  as  a  proto- 
type for  newly  developed  PRP. 

Finally.  Chapter  7  covers  program 
management  for  a  team-building  per- 
spective— that  is.  team  and  team 
member  responsibilities  are  deline- 
ated, communication  and  interaction 
strategies  are  described,  and  PRP 
scheduling  sequences  are  recom- 
mended. This  chapter  reiterates  the 
messages  conveyed  throughout  the 
book — although  every  patient  with 
COPD  may  not  require  all  services, 
selected  patients  may  need  them  all. 
An  individualized  program  prescrip- 
tion is  a  target  that  the  team  aims  to 
provide. 

Internal  consistency  of  content  is 
reinforced  by  the  inclusion  of  two 
case  studies  given  as  examples  for 
pulmonary  rehabilitation  (Appendix 
C).  Case  1  describes  a  patient  with 
COPD  who  went  through  a  pre-  and 
post-transplant  program  for  single 
lung  recipients.  Case  2  addresses  the 
needs  of  a  patient  with  emphysema 
and  chronic  bronchitis  complicated 
by  depression  and  suicidal  tenden- 
cies. Although  in  each  case  study 
thorough  documentation  of  assess- 
ment findings  and  diagnostic  tests 
are  included,  the  treatment  plan  out- 
lined for  the  first  case  scenario  (Page 
1 12)  could  have  stated  goals  in  mea- 
surable terms.  And  for  the  second 


case  scenario,  a  more  definitive  de- 
scription of  the  patient's  breathing 
pattern  (Page  117)  would  have  been 
helpful,  along  with  rest  time  added. 
if  any  was  taken,  during  the  12- 
minute-walk  test.  The  "Discharge 
Home  Recommendations"  (Pages 
1 19-120)  for  this  same  case  scenario 
could  have  been  mapped  out  in  order 
to  determine  how  realistic  or  practi- 
cal it  would  be  for  the  patient  to  car- 
ry out. 

This  text  is  a  must  for  the  diverse 
professionals  represented  as  PRP  team 
members — based  on  the  credibility 
of  the  contributors,  the  philosophy  of 
rehabilitative  care  emphasized,  the 
validity  and  support  offered  by  the 
scientific  literature  of  the  PRP  com- 
ponent parts,  the  organizational  for- 
mat with  its  clarity  and  practicality, 
and  the  comprehensive  and  current 
listing  of  Training  Resources  pro- 
vided. In  addition,  whether  adopted 
singularly  or  in  combination  with 
AACVPR's  Guidelines  for  Cardiac 
Rehabilitation  Programs,  this  book  is 
worthy  of  consideration  as  a  course 
text  in  the  undergraduate  programs 
for  Nursing,  Physical  and  Occupa- 
tional Therapy.  Exercise  Physiology, 
and  Respiratory  Therapy. 

Dennis  C  Sobush  PT  MA 

Associate  Professor 

Program  in  Physical  Therapy 

Marquette  University 

Milwaukee,  Wisconsin 

Mechanical  Ventilation:  Physio- 
logical and  Clinical  Applications, 

2nd  ed,  by  Susan  P  Pilbeam.  Soft- 
cover,  649  pages,  illustrated.  St 
Louis:  Mosby-Year  Book,  1992. 
$34.95. 

This  book  was  written  with  the  in- 
tent of  making  the  basic  concepts  of 
mechanical  ventilation  as  simple  as 
possible.  Because  the  practice  of  me- 
chanical ventilation  is  everchanging 
and  constantly  expanding,  this  repre- 
sents a  formidable  task.  The  book 


was  originally  part  of  a  faculty  lec- 
ture series  on  ventilatory  manage- 
ment of  the  critically  ill  adult  patient, 
and  was  written  for  respiratory  care 
students  and  practitioners,  nurse  cli- 
nicians, medical  students,  and  pul- 
monary fellows. 

The  author  is  the  Program  Direc- 
tor for  the  Respiratory  Therapy  Pro- 
gram at  Greenville  Technical  Col- 
lege in  Greenville,  South  Carolina. 
She  has  been  a  registered  therapist 
for  18  years  and  holds  a  master  of 
science  degree  in  zoology.  For  10 
years,  she  served  as  Assistant  Pro- 
fessor and  Director  of  Clinical  Ed- 
ucation in  the  Department  of  Cardio- 
pulmonary Care  Sciences  at  Georgia 
State  University  in  Atlanta.  She 
spent  2  years  developing  a  respira- 
tory care  program  in  Costa  Rica. 

The  book  contains  14  chapters 
and  13  appendixes.  Each  chapter 
ends  with  study  questions  (and  an- 
swers). The  chapters  are  thorough 
and  logically  sequenced  for  explain- 
ing the  principles  of  mechanical  ven- 
tilation. This  book  is  full  of  out- 
standing diagrams  that  demonstrate 
the  excellent  teaching  style  that  Ms 
Pilbeam  obviously  possesses.  Unfor- 
tunately, the  book's  well-researched 
and  valuable  information  is  marred 
by  frequent  errors. 

Chapter  1  focuses  on  the  history 
of  mechanical  ventilation.  It  is  de- 
lightful, informative  reading,  with 
excellent  pictures  and  illustrations. 
The  original  Bird  Mark  7  built  inside 
a  coffee  can  adds  a  special  touch  to 
this  second  edition.  However.  I 
couldn't  help  but  notice  that  the  ref- 
erence for  many  of  the  drawings  was 
Young  and  Crocker's  "Principles  and 
Practices  of  Respiratory  Therapy." 
The  edition  referenced  sits  on  my 
bookcase  and  is  entitled  "Principles 
and  Practices  of  Inhalation  Therapy." 

In  Chapter  2.  Ms  Pilbeam  pre- 
sents the  basic  terms  and  concepts  of 
mechanical  ventilation  in  an  out- 
standing way.  The  principles  are  es- 
sential knowledge  for  all  respiratory 
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therapists.  The  review  of  normal  me- 
chanics in  spontaneous  ventilation  is 
well  done,  with  diagrams  that  are 
logical  and  easy  to  understand.  This 
flows  nicely  into  the  mechanics  of 
mechanical  ventilation.  Graphics  (ie, 
current  ventilator  displays  of  pres- 
sure, volume,  and  flow  curves)  are 
excellent.  Time  constants  are  ex- 
plained well.  The  study  questions  at 
the  end  of  Chapter  2  are  an  excellent 
exercise  for  the  novice. 

Chapter  3  provides  a  review  of  ar- 
terial blood  gases  (ABG).  The  chap- 
ter assumes  that  the  reader  has  a 
good  understanding  of  ABG  inter- 
pretation. The  mathematical  relation- 
ships between  pH.  Paco>  and  bi- 
carbonate are  presented.  However, 
Chapter  3  is  where  the  mistakes  start 
to  appear.  For  example,  on  Page  65 
there  is  a  statement  referring  to 
chronic-on-acute  hypercapnia,  an  im- 
possible clinical  situation.  Fortunate- 
ly, the  rest  of  the  section  reads  cor- 
rectly, ie.  acute-on-chronic. 

Exercise  1  at  the  end  of  the  chap- 
ter seems  misplaced.  It  is  simply  a 
review  of  ABG  interpretation  that  is 
a  prerequisite  for  understanding  the 
chapter.  If  the  reader  couldn't  'ace' 
Exercise  1,  he  would  never  make  it 
through  to  the  end  of  the  chapter. 
Moreover,  if  he  made  errors  on  the 
exercise,  he  would  be  out  of  luck  be- 
cause explanations  are  not  to  be 
found  in  the  text.  Finally,  the  review 
of  ABGs  ignored  those  of  us  who 
live  and  practice  at  high  altitude. 

Chapter  4  does  a  superb  job  of  es- 
tablishing the  need  for  mechanical 
ventilation.  Signs  and  symptoms  of 
hypoxia  and  hypercapnia,  categories 
of  respiratory  failure,  and  patient  ven- 
tilatory mechanics  are  covered  well. 

Chapter  5  explains  the  physical 
aspects  of  mechanical  ventilation  and 
ventilator  classification,  and  most  of 
the  material  is  logical  and  easy  to  un- 
derstand. However,  on  Page  107.  the 
bear  l  and  2  are  placed  in  the  same 
category  as  the  MA-i.  ma-2.  Air 
Shields,  and  the  Ohio  because  they 


contain  compressor  systems:  but  the 
Bears  are  not  double-circuit  ma- 
chines like  the  other  ventilators, 
which  makes  this  section  confusing. 

Considering  the  large  number  of 
current  ventilators  about  which  the 
respiratory  therapist  must  have  a 
working  knowledge.  I  wonder  why 
some  authors  still  include  the  Gill 
1 — no  longer  manufactured — with 
its  unique  drive  system  that  no  other 
ventilator  uses.  Also,  because  this  is 
not  a  text  solely  devoted  to  ven- 
tilators. I  found  its  inclusion  dis- 
tracting. 

The  diagram  of  the  basics  of  a  pa- 
tient circuit  on  Page  1 13  can  be  hard 
to  follow.  It  would  seem  more  log- 
ical to  start  the  numerical  sequence 
on  the  inspiratory  side.  The  oxygen 
analyzer  is  out  of  sequence,  and  one 
has  to  search  for  it.  On  Page  1 1 5  the 
first  sentence  is  confusing:  "The 
mechanism  which  begins  inspiration 
and  ends  expiration  is  the  triggering 
mechanism."  This  is  another  error. 
The  portion  "and  ends  expiration" 
must  be  deleted  for  the  statement  to 
make  sense. 

On  Page  1 17,  the  initial  definition 
of  IMV  is  incorrect.  It  describes  the 
mechanical  breaths  as  flow-  or  vol- 
ume-controlled and  omits  the  fact 
that  the  breaths  can  be  pressure- 
controlled.  Later,  on  Page  118,  it  is 
stated  that  microprocessor  ventilators 
will  soon  be  able  to  provide  IMV 
breaths  that  are  pressure-limited,  but 
the  appendixes  list  ventilators  that  al- 
ready do  this.  Also,  neonatal  ventila- 
tion is  ignored  in  this  definition. 

On  Page  1 20,  the  author  describes 
pressure  control  as  a  mode  that  be- 
gan to  gain  popularity  in  the  late 
1980s.  I  believe  it  would  be  more 
correct  to  state  that  this  mode  re- 
gained popularity.  What  about  all 
those  patients  ventilated  with  Bird 
and  Bennett  PR  ventilators? — not  to 
mention  the  iron  lung. 

On  Page  121,  the  author  states 
that  during  pressure  control  inverse 
ratio  ventilation  (PCIRV).  the  patient 


is  never  able  to  fully  exhale,  and  this 
results  in  gas  trapping.  Depending  on 
the  stiffness  of  the  lung,  the  respira- 
tory rate,  and  the  time  constant,  pa- 
tients can  fully  exhale  on  PCIRV. 
Auto-PEEP  is  usually  but  not  always 
present  during  IRV. 

On  Page  146.  Mr  Chatburn's 
Guide  to  Ventilator  Classification  is 
not  as  he  presents  it.  Step  2  is  wrong 
and  will  confuse  any  novice.1 

The  explanation  of  time-limited 
exhalation  on  Page  153  is  incorrect: 
"if  the  expiratory  time  between  one 
delivered  breath  and  the  next  is  less 
than  0.25  seconds,  the  ventilator  sig- 
nals an  alarm  and  will  not  permit  the 
time  to  be  less  than  0.25  seconds.  It 
time  limits  exhalation  and  triggers 
inspiration."  The  machine  must  de- 
lay inspiration  to  keep  the  required 
expiratory  time,  not  trigger  inspira- 
tion. That  would  only  shorten  expira- 
tion. The  BEAR  CUB  Instruction  Man- 
ual clearly  states  "if  the  selected 
ventilator  rate  and  inspiratory  time 
are  incompatible  with  a  minimum  of 
0.25  seconds  exhalation  time,  the 
ventilator  will  automatically  main- 
tain the  exhalation  time  at  0.25  sec- 
onds. . . .  the  digitally  displayed  in- 
spiratory time  will  be  less  than  the 
time  set  on  the  inspiratory  time  con- 
trol and  the  rate/time  incompatibility 
indicator  will  turn  on  immediately."2 

Chapter  6  covers  the  modes  of 
ventilation  and  initial  settings.  On 
Page  173.  it  is  stated  that  pressure- 
controlled  ventilation  was  first  used 
in  the  early  1970s  on  infants.  Again  I 
would  argue  that  this  is  not  true. 
Many  patients  were  ventilated  on 
PR-2s  and  Mark  7s  and  Mark  14s  in 
the  60s  and  70s.  Also,  on  Page  173. 
it  states  that  since  the  mid-1960s 
there  has  been  basically  one  mode  of 
ventilation  for  adults — volume-cy- 
cled or  volume-controlled.  If  this  be 
true.  I  guess  in  the  early  1970s  when 
I  was  setting  up  ventilators  and  the 
doctor  asked  me  if  the  machine  was 
volume-cycled  or  pressure-cycled.  1 
was  dreaming.  I  believe  it  more  cor- 
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rect  to  say  that  there  was  one  pre- 
ferred mode. 

In  Chapter  6.  the  author  does  a 
good  job  with  tidal  volume  selection, 
explaining  ideal  body  weight  and 
body  surface  area.  Rational  use  of 
various  tidal  volumes  is  explained, 
and  the  sigh  is  placed  in  perspective. 

Determination  of  tubing  compli- 
ance is  explained  incorrectly  on  Page 
186.  If  I  may  cite  the  author's  Refer- 
ence 7  in  Chapter  5.  it  is  technically 
more  correct  to  use  the  plateau  pres- 
sure, not  the  peak  pressure  as  the  text 
indicates.1 

The  estimated  tidal  volume  for 
the  Sechrist  presented  on  Page  191 
can  be  misleading.  The  limitations 
are  not  explained.  Only  with  a  con- 
stant flow  and  a  set  pressure  limit 
that  is  never  reached  at  end-inspi- 
ration would  this  equation  be  valid.  I 
have  never  seen  the  Sechrist  used  on 
infants  in  this  way. 

On  Page  200.  the  use  of  oro- 
tracheal tubes  versus  nasotracheal 
tubes  is  explained.  In  Denver,  Col- 
orado (and  I  suspect  elsewhere),  we 
practice  the  opposite  of  what  the  text 
expounds.  Orotracheal  tubes  are  used 
for  a  week  or  more.  Nasotracheal 
tubes  are  used  for  emergencies  and 
are  kept  in  place  only  if  they  do  not 
increase  airway  resistance  to  the 
point  of  too  much  auto-PEEP,  in- 
creased work  of  breathing,  and  poor 
suctioning.  We  really  don't  like  na- 
sotracheal tubes. 

Chapter  7  explains  the  effects  and 
complications  of  mechanical  ventila- 
tion. However,  the  explanation  of 
auto-PEEP  is  incomplete.  On  Page 
237,  the  statement  is  made  that  ex- 
trinsic PEEP  has  no  effect  on  expira- 
tory How.  It  should  be  explained  that 
this  is  the  case  only  when  auto-PEEP 
is  caused  by  closure  of  airways.  Bar- 
otrauma and  work  of  breathing  are 
nicely  covered.  However,  it  was  dis- 
appointing not  to  read  about  indirect 
calorimetry  under  nutritional  compli- 
cations. 

Chapter  8  covers  patient  manage- 
ment and  stabilization.   However,  I 


believe  that  the  Siemens  900C  senses 
pressure  in  both  the  inspiratory  and 
expiratory  limb,'  not  as  the  text  sug- 
gests on  Page  29 1 . 

The  explanation  of  the  waterfall 
analogy  is  contusing.  I  understand 
this  analogy  but  spent  much  time  try- 
ing to  comprehend  what  the  book 
was  saying.  The  text  states  that  "By 
elevating  the  downstream  pressure 
(with  PEEP),  outflow  of  gas  is  not 
blocked,  the  auto-PEEP  level  is  not 
changed,  but  the  closing  pressure  is 
not  reached  and  the  airways  remain 
open."  I  believe  this  should  read  that 
the  airways  remain  closed.  When  the 
downstream  pressure  is  equal  to  the 
value  of  the  critical  closing  pressure, 
then  the  airways  remain  open. 

In  Chapter  10.  the  explanation  of 
Figure  10-2  on  Page  375  can  be  con- 
fusing. The  text  claims  that  the  fig- 
ure shows  a  normal  pressure-volume 
curve  and  a  pressure-volume  curve 
that  describes  the  changes  that  occur 
with  ARDS.  It  later  explains  that  the 
curve  moves  up  and  to  the  right.  In 
the  illustration,  there  is  only  one 
curve  and  it  does  not  move.  The  lung 
volume  changes  and  assumes  a  dif- 
ferent portion  of  the  curve. 

Chapter  1 1  reviews  hemodynamic 
monitoring.  Chapter  12  covers  dis- 
continuing of  and  weaning  from  me- 
chanical ventilation.  From  the  start, 
this  section  nicely  explains  the  dif- 
ference between  discontinuation  and 
weaning.  However,  the  Table  1 2-5 
example  of  an  1MV  wean  more  ac- 
curately describes  a  patient  who 
needed  discontinuation  rather  than  an 
IMV  wean. 

Chapter  13  is  a  brief  review  of 
resuscitation  in  the  newborn  and  pe- 
diatric patient.  This  chapter  is  well 
written  and  provides  the  practi- 
tioner with  more  clinical  guidelines 
than  some  whole  texts  devote  to  the 
topic. 

Chapter  14  is  a  nice  review  of 
home  mechanical  ventilation,  a  topic 
that  most  textbooks  omit. 

There  are  thirteen  appendixes. 
These  I  do  not  trust  and  I  will  give 


three  examples  why.  (  I )  Appendix  A 
is  titled  "Calculation  of  Alveolar 
Ventilation."  It  defines  tidal  volume 
minus  dead  space  incorrectly  as  an- 
atomic dead  space  instead  of  alveolar 
ventilation.  This  error  is  carried  to  an 
equation  that  follows:  Vfe  -  \fo  =  Vfc>an. 
V|),„,  should  be  V\.  (2)  Appendix  E 
lists  the  specifications  for  some  pos- 
itive pressure  ventilators.  I  recently 
worked  with  the  manufacturer  while 
1  trained  my  department's  staff  to  use 
the  Newport  ElOOi.  and  I  know  the 
machine  well.  In  this  text,  the  ven- 
tilator is  described  as  being  for  neo- 
natal and  pediatric  use.  Although  this 
ventilator  can  be  used  for  neonates 
and  children,  we  use  it  extensively 
for  adult  ventilator  transports.  The 
text  also  lists  the  cycling  control  var- 
iable as  volume,  but  it  is  time.  The 
text  lists  the  inspiratory  waveform  as 
modified  ascending  ramp,  but  it  is 
constant  flow.  The  tidal  volume 
range  is  listed  as  10-2.500,  but  the 
operation  manual  gives  the  values  of 
l()-2.()()0.4  (3)  Appendix  K  defines 
volume  lost  to  tubing  compliance  as 
the  tubing  compliance  factor  multi- 
plied by  the  plateau  pressure.  For- 
tunately, the  table  that  follows  ac- 
curately describes  the  volume  lost  to 
tubing  compliance  as  the  pressure- 
plateau  minus  end-expiratory  pres- 
sure. 

This  is  a  book  full  of  important 
information,  but  unfortunately  it  con- 
tains too  many  errors.  I  was  disap- 
pointed that  high  frequency  ventila- 
tion (HFV)  was  omitted;  albeit  rarely 
used,  it  still  remains  an  accepted 
mode  during  bronchoscopy  and  in 
patients  with  bronchopleural  fistulas. 
The  omission  of  HFV  is  unfortunate 
especially  because  neonatal  ventila- 
tion was  added  to  this  edition  and 
considering  the  role  HFV  now  plays 
in  the  neonatal  population. 

The  book  does  not  include  inde- 
pendent lung  ventilation,  transports 
of  ventilated  patients,  and  adjunctive 
support  to  mechanical  ventilation  (ie, 
1VOX.  ECCO:R.  ECMO.  tracheal 
gas  insufflation,  or  TGI).  I  expect  a 
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book  dedicated  to  mechanical  ven- 
tilation to  cover  all  facets  of  ventila- 
tion available.  I  do  not  expect  hemo- 
dynamics. 

The  author  does  a  good  job.  es- 
pecially in  Chapter  2.  of  explaining 
complex  concepts  in  a  simplified  for- 
mat. However,  I  can  recommend  the 
book  only  to  advanced  respiratory 
therapy  students  under  the  guidance 
of  an  instructor  who  can  help  them 
through  the  book's  errors.  In  my  ex- 
perience, students  do  not  do  well 
with  textbooks  that  contain  mistakes. 
This  book  has  many.  On  Page  99 
"pounds  per  square  inch  with  gauge" 
should  be  "inch  gauge."  On  Page 
153.  NEEP  is  defined  as  negative 
end-inspiratory  pressure.  On  Page 
286,  IMV  is  referred  to  as  IVM.  On 
Page  344  "more  that  20  mm  Hg" 
should  read  "no  more  than"  and 
changes  the  whole  meaning  of  the 
section.  On  Page  375,  the  Y-axis  is 
labeled  volune  rather  than  volume. 

The  study  questions  in  this  book 
are  a  concern.  They  are  intended  to 
reinforce  concepts,  but  unfortunately 
they  become  a  source  of  confusion 
and  mistrust  because  so  many  cal- 
culations are  incorrect,  or  wrong  an- 
swers to  multiple  choice  questions 
are  given  in  the  Answer  Key.  For  ex- 
ample, on  Page  72  the  answer  to 
Question  5  should  be  a  calculated  bi- 
carbonate of  12,  not  24.  On  Pages 
288-289  in  Example  2.  the  correct 
calculated  frequency  should  be  10.15 
not  10.5.  On  Page  465  in  Question  3, 
18  cm  H:0  is  converted  to  24.48  mm 
Hg.  On  Page  598,  the  answer  to 
Question  16  should  be  d.  not  c. 

I  would  also  take  issue  with  Ques- 
tion 4  in  Exercise  2  on  Page  70.  The 
author  recommends  intubating  the 
patient  based  on  a  calculated  esti- 
mate of  the  pH  that  is  not  believable. 
Clinically,  a  pH  of  7.2 1  does  not  cor- 
relate with  a  Sao:  of  89%  and  a  Pao2 
of  65.  Also,  ventilatory  support  is  not 
customarily  referred  to  as  a  "respira- 
tory treatment."  Question  2  on  Page 
322  essentially  asks  what  mode  must 


be  set  when  a  tidal  volume  order  of 
7.5  mL/kg  is  written.  The  answer  is 
the  sigh  mode,  but  some  have  said 
that  the  sigh  mode  is  dead'  and  that 
small  tidal  volumes  are  safe.6 

Question  9  on  Page  323  asks  for 
an  appropriate  tidal  volume  for  a  pa- 
tient with  Pickwickian  syndrome.  Al- 
though the  exercise  tests  the  knowl- 
edge of  using  ideal  body  weight, 
such  patients  hypoventilate  and  a 
normal  Paco;  is  not  always  an  appro- 
priate target.  The  question  is  in 
Chapter  8.  and  the  solution  is  in 
Chapter  6. 

Recently  published  books  on  me- 
chanical ventilation  are  few,  which  is 
understandable  given  the  magnitude 
of  the  task.  Clinical  Application  of 
Ventilatory  Support,7  by  Kirby, 
Banner,  and  Downs,  is  a  book  that 
represents  a  good  alternative  for 
someone  needing  a  reference  on  me- 
chanical ventilation,  but  it  is  much 
more  complex,  is  not  easy  reading, 
and  would  probably  be  too  difficult 
for  some  students.  For  example,  it 
covers  microprocessor-controlled  ven- 
tilation systems  in  much  depth,  de- 
fining bits  and  bytes. 

Egan's  Fundamentals  of  Respira- 
tory Care  still  remains  my  choice 
for  students  learning  mechanical  ven- 
tilation.'1* Section  7  covers  the  im- 
portant concepts  nicely  that  I  believe 
all  therapists  should — but  often 
don't — know. 

Perhaps  a  third  edition  of  Me- 
chanical Ventilation  with  the  errors 
corrected  will  produce  the  ideal  book 
for  its  intended  audience. 

Fran  Piedalue  BS  RRT 

University  Hospital 
Denver.  Colorado 
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Quantitative  Methods  in  Quality 
Management:  A  Guide  for  Prac- 
titioners, edited  by  Daniel  R  Longo 
ScD  and  Deborah  Bohr  MPH.  Soft- 
cover,  136  pages,  illustrated.  Chi- 
cago: American  Hospital  Publishing 
Inc,  1991.  $36.95  for  members, 
$46.95  for  nonmembers.  Credit  card 
or  purchase  orders  to  800-242-2626, 
or  send  check  to  AHA  Svcs  Inc.  PO 
Box  92683,  Chicago  IL  60675-2683. 

Managers  can  manage  better  what 
they  can  measure.  This  book  serves 
as  an  aid  to  understanding  the  basic 
quantitative  methods  in  the  health- 
care quality  management  process.  It 
does  not  assume  a  prior  knowledge 
of  statistics:  however,  familiarity 
with  simple  arithmetic  conventions 
and  operations  is  expected.  The  text 
is  presented  in  a  very  simple  manner; 
complete  chapters  are  dedicated  to 
elementary  concepts  that  would  be 
given  only  a  paragraph  in  more  so- 
phisticated books  about  statistics  and 
quantitative  measurements. 

The  contributing  authors  and  edi- 
tors of  this  book  combine  diverse 
backgrounds    in    quality    assurance. 
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statistics,  and  data  management  that 
make  this  resource  an  effective  one. 
Editor  Daniel  Longo  is  president  of 
the  Hospital  Research  and  Educa- 
tional Trust,  the  research  and  devel- 
opment affiliate  of  the  American 
Hospital  Association  in  Chicago;  and 
Deborah  Bohr  is  director  of  the 
American  Hospital  Association's  Di- 
vision of  Quality  Control  Manage- 
ment, which  has  the  primary  goal  of 
promoting  effective  quality,  utiliza- 
tion, risk  and  clinical  data  manage- 
ment, and  infection  control  practices. 

The  book  is  organized  in  5  sec- 
tions and  9  chapters.  Section  1  con- 
tains two  chapters  that  explain  the 
tools  of  measurement  needed  to  quan- 
tify "quality  of  care."  Chapter  1  dis- 
cusses the  notion  of  populations  and 
samples  and  describes  probability  and 
nonprobability  sampling  techniques; 
Chapter  2  defines  data,  their  relia- 
bility, and  validity. 

Section  2  also  contains  two  chap- 
ters and  addresses  the  most  common 
statistical  tests  for  comparing  hospi- 
tal performance.  The  use  of  a  large 
number  of  hospital  examples  makes 
the  comparison  more  obvious  and 
the  techniques  more  understandable. 
Chapter  3  introduces  the  concept  of 
proportions,  the  mean  and  standard 
deviation,  and  some  useful  statistical 
testing  techniques  such  as  chi-square 


test  and  regression  analysis.  Chapter 
4  discusses  how  to  use  mortality 
rates  for  judging  quality  of  care.  It 
includes  10  criteria  that  can  be  used 
to  evaluate  other  outcome  measures 
in  quality  assurance. 

Section  3  (three  chapters)  discus- 
ses how  to  effectively  use  the  collect- 
ed clinical  data,  from  the  perspective 
of  the  medical  staff  and  the  govern- 
ing board.  In  Chapter  5,  the  implica- 
tions of  physician-specific  and  hos- 
pital-specific data  and  data  credi- 
bility are  discussed.  Chapter  6  covers 
the  physician's  role  in  analyzing  the 
cost  and  quality  of  care  and  the  dif- 
ferent methods  he/she  can  use  to 
communicate  findings  to  other  staff 
members,  with  an  emphasis  on  get- 
ting them  involved  in  the  process. 
Again,  this  chapter  includes  valuable 
examples  that  help  in  clarifying  the 
different  concepts  discussed.  In  Chap- 
ter 7,  the  focus  is  on  how  data  can  as- 
sist the  board  of  trustees  in  over- 
seeing the  quality  in  the  health  care 
facility. 

Section  4  (one  chapter)  is  a  user's 
guide.  Tabular,  graphic,  and  other 
data-summary  techniques  are  de- 
scribed through  some  well-thought- 
out  examples.  This  section  does  not 
treat  summary  techniques  with  as 
much  detail  as  does  the  conventional 
statistics  literature.  However,  by  us- 


ing simple  examples,  it  does  foster 
both  comfort  with  and  interest  in  the 
inspection  of  statistical  data. 

Section  5  (one  chapter)  is  de- 
signed to  guide  the  reader  through 
the  process  of  transforming  data  into 
information  in  a  real-world  context. 
The  components  of  the  process  are 
specified  as  steps  that  have  general 
application. 

Although  the  book  does  not  in- 
clude an  index  and  not  all  chapters 
have  a  list  of  references,  well-organ- 
ized lists  of  figures  and  tables  are  in- 
cluded. Overall,  this  book  is  useful. 
and  we  recommend  it  to  persons 
learning  the  quality  management  pro- 
cess. 

Mohamad  F  El-Khatib  MS 

Biomedical  Engineer 

Pediatric  Pharmacology  & 

Critical  Care 

Rainbow  Babies  &  Childrens 

Hospital 

Robert  L  Chatburn  RRT 

Director 

Pediatric  Respiratory  Care 

Rainbow  Babies  &  Childrens 

Hospital 

Instructor/Department 

of  Pediatrics 

Case  Western  Reserve  University 

Cleveland.  Ohio 


RESPIRATORY  CARE  •  AUGUST  '93  Vol  38  No  8 


949 


A  Solid  Study  Aid. . . 

That  Really  Pays  Off!       J 


NBRC  Entry  Level 


Examination  tutorials  are 


specially  written  to  help 
you  pass  two  of  the  most 


difficult  sections  of  the 


examination.  Uses 


questions  now  retired  from 


the  actual  examination 


question  pool. 


Used  with  permission  of  Applied  Measurement  Professionals,  Int 
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To  order,  contact: 

AARC 

1 1030  Abies  Ln.,  Dallas.  TX  75229-4593 

(214)  243-2272,  Fax  (214)  484-2720 


Tutorial  I:  Detecting  Equipment 
Malfunctions 

(Section  II-B,  25%  of  the  NBRC  Entry  Level  Examination) 
Contents:  Oxygen  administration;  humidifiers  and  aerosol 
generators;  resuscitation  devices  and  artificial  airways; 
gas  deliver)',  metering,  analyzing  devices,  and  suctioning 
devices;  patient  breathing  and  incentive  breathing  devices; 
environmental  devices,  respirometers,  manometers, 
and  gauges;  and  inspiratorv/expiratory  force  meters. 
Item  CD4,  Tutorial  I   $29.95  (nonmembers  $39.95) 

Tutorial  II:  Evaluate  &  Monitor 
Patient's  Response  to  Respiratory 
Care,  Assess  Patient  Response 

(Section  III-G,  5%  of  the  NBRC  Entry  Level  Examination) 
Contents:  Measure  and  record  vital  signs;  monitor  cardiac 
rhythm;  perform  oximetry;  auscultate  chest  and  record 
changes;  observe  changes  in  sputum  production;  note 
patient's  subjective  response  to  therapy;  measure  FIO, 
and/or  liter  flow;  determine  vital  capacity  and  perform 
spirometry;  perform  arterial  puncture;  interpret  results  of 
blood  gases;  adjust  and  check  alarm  systems;  note  patient's 
response  to  mechanical  ventilation;  measure  tidal  volume, 
respiratory  frequency,  airway  pressures,  I:E  ratio,  negative 
inspiratory  force,  and  peak  flow;  monitor  endotracheal  or 
tracheostomy  tube  cuff  pressure;  calculate  and  interpret 
A-aDO^;  and  determine  compliance  values  (on  ventilator). 
Item  CD5,  Tutorial  II   $29.95  (nonmembers  $39.95) 

Hardware  Requirements  for  Tutorials:  IBM-PC  (MS-DOS 
3.1  or  higher),  256K  RAM,  IBM  or  compatible  graphics 
adapter,  single-disk  drive  (5'/i"  or  3!  2").  Please  indicate 
format  on  order  form. 
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Letters 


Critique  of  Contemporary 

Criticism:  An  Argument  Favoring 

a  Galileo  Responsible 

Journalism  Award 

Peer'  review':  a  sublime  concept 
that  has  been  abused  since  at  least 
the  year  1623  CE. 

— But  is  there  anything  better?  Prob- 
ably not! 

In  Volume  37  ( 1992)  of  this  Jour- 
nal, 150  authors  and  coauthors  sub- 
jected their  research,  opinions,  con- 
cepts, reasoning,  and  practice  to  the 
intensive  scrutiny  of  their  peers. 
They  did  this  in  98  original  contribu- 
tions, letters,  editorials,  viewpoints, 
and  so  forth.  All  original  contribu- 
tions had  to  first  survive  double- 
blind  reviews  by  knowledgeable  re- 
ferees before  they  appeared  in  print. 
As  I  expressed  earlier  in  these  pages, 
"...  (this)  Journal  has  been  the  one 
tool  always  available  to  me  in  the 
constant  struggle  to  remain  profes- 
sionally contemporary...,"1  largely 
because  of  my  faith  in  the  peer  re- 
view process. 

Intellectual  freedom  and  peer  re- 
view are  continually  being  assaulted 
and  suborned  for  a  multitude  of  rea- 
sons, chief  among  which  is  financial 
gain.  A  recent  example  has  mind- 
numbing  worldwide  implications. 
The  Biblical  Archaeology  Society 
(BAS)  and  Hershal  Shanks,  the  ed- 
itor of  the  BAS  publication.  Biblical 
Archaeology  Review,  have  been  un- 
tiring in  their  efforts  to  have  the  fa- 
mous Dead  Sea  Scrolls  made  avail- 
able (after  nearly  50  years)  for  study 
by  scholars  in  general. 

Not  long  ago,  as  a  service  to 
scholars,  the  BAS  compiled  a  2- 
volume  pictorial  set  of  unpublished 
Scrolls  including  one  known  as  the 
MMT — still  officially  unpublished 
40  years  after  its  discovery!  In  the 
Foreword  to  this  set,  the  publisher 
quoted  a  reconstructed  Hebrew  text 
of  the  MMT  that  had  appeared  first 
in    a    Polish  journal,    The    Qumron 


Chronicle.  This  reference  was  cited  in 
an  appropriate  and  recognized  form. 

The  author  of  the  reconstructed 
text,  Professor  Elisha  Qimron,  an 
Israeli  Dead  Sea  Scroll  scholar,  sued 
Mr  Shanks  and  the  BAS  for 
$250,000  claiming  copyright  viola- 
tion. In  defense,  the  BAS  countered 
by  claiming  that  copyright  protection 
extended  only  to  an  original  author, 
not  to  someone  who  reconstructs  that 
author's  fragmented  work.  Recently 
an  Israeli  court  found  for  Professor 
Qimron,  declaring  that  he  has  a 
copyright  on  his  reconstruction  of 
the  MMT  Scroll  for  the  rest  of  his 
life  plus  50  years. :  This  means  that 
no  other  scholar  can  reconstruct  this 
text  using  the  same  Hebraic  idiom  as 
Qimron,  without  his  permission,  even 
though  the  ancient  author's  words 
would  probably  mean  substantially 
the  same  thing  to  different  scholars. 

Shame  on  Professor  Qimron.  In 
an  earlier  generation,  he  would  have 
quickly  and  freely  distributed  this  re- 
constructed text,  asking  nothing  in 
return  except  a  fair  and  impartial 
evaluation  by  his  peers.  Shame  on 
the  Israeli  judiciary  for  permitting 
this  unparalleled  erosion  of  intellec- 
tual freedom. 

The  Committee  for  the  Scientific 
Investigation  of  Claims  of  Para- 
normal (CSICOP)  convened  its  1992 
conference  in  Dallas  October  16-18. 
At  this  conference,  Andrew  Skol- 
nick,  the  associate  editor  of  the  Med- 
ical News  and  Perspectives  depart- 
ment of  the  Journal  of  the  American 
Medical  Association  (JAMA),  re- 
ceived the  CSICOP's  "Responsibil- 
ity in  Journalism"  award.  Skolnick 
earned  this  award  for  using  the  pages 
of  JAMA  to  correct  a  mistake  that 
had  previously  appeared  in  that  Jour- 
nal concerning  Transcendental  Med- 
itation guru  Maharishi  Mahesh  Yogi. 
Skolnick  quickly  found  himself  the 
target  of  a  $200  million  lawsuit. 

In  accepting  his  award,  Skolnick 
said,  in  part,  "More  and  more  now. 


opinion  and  truthful  speech  are  being 
fought  with  SLAPP  suits— SLAPP  is 
an  acronym  for  strategic  lawsuits 
against  public  participation.  These 
frivolous  and  harassing  suits  are  be- 
ing brought  by  powerful  groups  with 
deep  pockets.  Their  intentions  are  not 
to  recover  damages  but  to  stifle,  to 
silence,  public  criticism."  He  con- 
cluded his  remarks  by  expressing  the 
outrage  he  felt  in  risking  financial 
ruin  simply  by  engaging  in  public 
debate  in  a  respected  forum  in  a  free 
society.1 

Dr  Michael  Crichton  introduced 
his  chilling  technothriller  Jurassic 
Park  with  a  disquieting  examination 
of  molecular  biology  commercializa- 
tion. From  his  point  of  view,  he  ar- 
ticulated three  great  departures  from 
the  traditional  scientific  research  par- 
adigm: ( 1 )  the  base  of  biotechnology 
research  is  extremely  broad;  (2)  bio- 
technology research  is  often  frivo- 
lous or  thoughtless;  and  (3)  research 
in  biotechnology  is  unregulated.  He 
summarized  by  writing,  "But  most 
disturbing  is  the  fact  that  no  watch- 
dogs are  found  among  the  scientists 
themselves.  It  is  remarkable  that 
nearly  every  scientist  in  genetics  re- 
search is  also  engaged  in  the  com- 
merce of  biotechnology.  There  are 
no  detached  observers.  Everybody 
has  a  stake."4 

In  my  examination  of  RESPIRA- 
TORY Care.  Volume  37, 1  was  struck 
by  an  interesting  realization.  The  ed- 
itorial "ACLS  Skills  for  the  Res- 
piratory Therapist:  Time  for  a  Man- 
date"5 was  the  focus  of  a  great  deal 
of  criticism — all  of  it  positive.  This 
editorial  required  more  column  inch- 
es of  review  space  generated  by 
more  readers  than  did  any  other  sin- 
gle article  appearing  in  that  volume. 

No  awards  recognize  editorials  or 
critical  reviews  or  important  view- 
points appearing  in  RESPIRATORY 
CARE.  There  should  be.  If  there  were, 
I  would  have  nominated  Doctors 
Barnes  and  Durbin  for  the  first  an- 
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nual  "Galileo  Responsible  Journal- 
ism Award." 

Why  Galileo?  In  1632,  he  was 
forced  to  recant  his  pronouncement 
that  the  Universe  was  not  geocentric. 
Faced  with  certain  torture  and  prob- 
able death,  his  scientific  peers  and 
religious  superiors  forced  him  to  sup- 
press his  observations  and  deny  his 
data.  Late  last  year,  after  13  more 
years  of  investigation  and  study(!). 
Pope  John  Paul  II  acknowledged  the 
correctness  of  Galileo's  discovery.  I 
like  to  think  that  constructive,  logi- 
cal, assertive,  and  knowledgeable 
critics  played  a  role  in  dislodging 
centuries-old  mistaken  certainty  and 
dangerously  erroneous  dogma  from 
the  Church.  Constructive,  logical,  as- 
sertive, and  knowledgeable  critics 
will  hasten  the  actualization  of  the 
mandate  proposed  by  Barnes  and 
Durbin. 

Besides  that,  I  think  that  "Galileo 
Responsible  Journalism  Award"  is  a 
terrific  name  for  an  award  that  would 
recognize  a  vital  segment  of  profes- 
sional society  journalism — the  crit- 
ics. 

Robert  R  Weilacher  RRT 

Medical  Physiology  Department 

Memorial  Hospital 

Palestine,  Texas 
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A  Reader  Poses  Questions  about 
Peak  Airway  Pressures 

I  have  read  with  great  interest  the 
numerous  articles,  editorials,  and  let- 
ters concerning  the  role  of  peak  air- 
way pressures  in  the  mechanically 
ventilated  patient. 

The  educators  insist  that  we  focus 
on  plateau  or  peak  alveolar  pressures 
because  the  resistance  component  is 
not  transmitted  to  the  alveoli.  Al- 
though I  understand  pulmonary 
mechanics,  as  a  clinician  I  have 
watched  "as  the  peak  airway  pres- 
sures go  up  so  does  barotrauma."  It 
has  been  my  observation  that  as  the 
paralytics  are  discontinued,  the 
coughing  starts,  which  leads  to  high 
peak  airway  pressures  and  pneumo- 
thoraces. 

Perhaps  you  can  help  me.  I  do  not 
recall  anyone  addressing  the  issue  of 
active  expiration  (ie,  coughing  and 
fighting  the  ventilator)  in  ventilated 
patients  at  risk  for  developing  baro- 
trauma. 

I  would  like  to  pose  some  ques- 
tions about  the  hypothetical  ventila- 
tor management  of  an  ARDS  patient. 
Suppose  our  patients  have  a  high  air- 
way resistance  as  some  do.  Suppose 
also  that  we  use  a  high  flowrate  with 
a  square  waveform  to  achieve  an  ad- 
equate inspiratory-to-expiratory  time 
ratio  (I:E).  Airway  resistance  is  now 
amplified. 

In  this  ventilator  case,  it  would 
not  be  uncommon  for  the  patient's 
lungs  to  have  a  static  pressure  of  45 
cm  of  H20  and  a  peak  airway  pres- 
sure of  85  cm  of  H:0.  In  this  un- 
paralyzed  patient,  it  is  reasonable  to 
set  the  high-pressure-limit  alarm  be- 
tween 90  and  100  cm  of  FLO  for  two 
reasons.  The  first  is  to  avoid  a  nui- 
sance alarm  (ie,  alarming  so  fre- 
quently, with  no  solution,  that  no  one 
will  heed  it).  The  second  reason  is 
the  lack  of  concern  for  peak  airway 
pressures  because  they  do  not  trans- 
mit to  the  alveoli. 

Now  my  questions  begin.  What 
happens  to  alveolar  pressures  when 


the  patient  coughs  or  fights  the  venti- 
lator? More  importantly  what  hap- 
pens to  alveolar  pressures  when  the 
patient  triggers  the  high-pressure 
alarm? 

Can  we  look  at  the  lung  down- 
stream or  in  reverse?  For  example, 
for  the  patient  to  trigger  the  high- 
pressure-limit  alarm,  does  his  alveo- 
lar pressure  have  to  be  greater  than 
the  sum  of  alveolar  pressure  and  air- 
way resistance  pressure?  We  know 
air  always  flows  from  high  pressure 
to  low  pressure.  In  this  case,  is  the  al- 
veolar pressure  now  greater  than  90- 
100  cm  of  FLO?  Because  ARDS  is  a 
nonhomogenous  disease  of  the  lung, 
does  this  overinflate  good  lung  next 
to  stiff  lung?  Are  these  shear  forces? 
Could  this  be  why  clinicians  worry 
about  peak  airway  pressures?  In 
summary,  do  peak  airway  pressures 
transmit  to  the  alveoli  during  active 
expiration? 

Siemens  Medical  Systems  has  in- 
troduced a  new  mode  of  ventilation 
called  pressure-regulated  volume-con- 
trol. Could  this  be  the  best  mode  for 
severe  ARDS  because  it  attempts  to 
control  both  volume  and  pressure? 
(Mr  Chatburn,  I  know  a  ventilator 
can  only  control  one  variable  at  a 
time.') 

If  peak  and  static  pressures  are 
kept  close  to  the  same  value  (pres- 
sure-controlled ventilation)  and  vol- 
umes are  monitored  to  stay  consis- 
tent, can  mechanical  ventilation  be- 
come safer? 

On  the  same  note — in  working 
with  ventilated  patients  with  severe 
resistance  problems  of  the  airways, 
some  clinicians  think  it  best  to  just 
keep  increasing  the  inspiratory  flow- 
rate  in  order  to  prolong  the  expira- 
tory time  and  eliminate  inadvertent 
PEEP.  It  does  not  always  work. 
There  is  critical  velocity  to  consider. 
When  airways  get  very  small  you 
cannot  get  the  air  in  any  faster  re- 
gardless of  the  flowrate.  What  hap- 
pens is  'back  pressure'  to  the  larger 
airways  and  the  ventilator.  This  re- 


952 


RESPIRATORY  CARE  •  AUGUST  '93  Vol  38  No  8 


LETTERS 


suits  in  very  high  peak  airway  pres- 
sures. 

In  the  case  of  very  high  peak  air- 
way pressures,  is  it  not  best  to  titrate 
the  perfect  tidal  volume  with  the  best 
respiratory  rate  and  inspiratory  flow- 
rate — sort  of  a  best  ventilation 
study?  How  can  this  best  be  done?  I 
would  greatly  appreciate  any  expert 
answers  to  my  questions. 

Fran  Piedalue  BS  RRT 

Educational  Coordinator 

University  Hospital 

Denver,  Colorado 

REFERENCE 

1.  Chatbum  RL.  Classification  of  me- 
chanical ventilators.  RespirCare  1992: 
37(91:1009-1025. 


Dr  Pierson  Responds: 

Ms  Piedalue  raises  some  provoca- 
tive questions  that  I  have  not  heard 
asked  at  the  bedside.  If  a  high  trans- 
alveolar  pressure  can  lead  to  baro- 
trauma when  the  pressure  gradient 
goes  from  ventilator  to  alveolus,  why 
doesn't  the  same  thing  happen  when 
a  gradient  of  the  same  magnitude 
goes  from  the  alveolus  to  the  ven- 
tilator? I  think  the  answer  has  to  do 
both  with  volume  and  also  with 
where  in  the  system  the  most  acute 
pressure  gradient  is. 

Why  don't  the  trumpet  players  all 
get  pneumothoraces  when  the  Den- 
ver Symphony  plays  the  1812  Over- 


ture'.' Mouth  pressures  attained  while 
playing  a  sustained  fortissimo  note 
on  the  trumpet  (125-150  cm  H:0)' 
exceed  those  generated  by  most  1CU 
ventilators,  and  healthy  persons  pro- 
duce even  higher  central  airway  pres- 
sures during  a  cough  or  aborted 
sneeze, :  yet  pneumothorax  and  other 
barotrauma  are  almost  unknown  in 
those  settings.'  Playing  the  trumpet 
and  stifling  a  sneeze  decrease  rather 
than  increase  lung  volume,  and  the 
transalveolar  pressure  gradient  is 
small,  the  main  pressure  drop  in 
trumpet  playing  occurring  across  the 
trumpeter's  lips.4 

When  a  ventilated  patient  triggers 
the  high-pressure  alarm  by  contract- 
ing the  expiratory  muscles  and  rais- 
ing central  airway  pressure,  the  same 
things  happen:  Alveolar  volume  de- 
creases according  to  Boyle's  Law  as 
intrathoracic  pressure  increases,  and 
the  high  pressure  applied  to  the  ven- 
tilator circuit  is  transmitted  from  the 
chest  wall  across  the  alveolar  space 
with  little  change.  It  is  true  that  some 
alveoli  are  better  ventilated  than  oth- 
ers, but  both  pressure  and  volume 
probably  change  in  the  same  direc- 
tions in  all  the  alveoli,  diminishing 
the  tendency  for  disruption  of  their 
walls. 

Incidentally.  I  have  problems  with 
two  statements  in  this  letter:  "when 
airways  get  very  small  you  cannot 
get  the  air  in  any  faster  regardless  of 
the  flowrate."  and  "...  airway  re- 
sistance is  now  amplified  [when  a 
high  flowrate  is  used]."  Resistance  is 
determined  by  the  length  and  caliber 


of  the  airways  and  is  not  changed  by 
varying  airflow.  The  higher  the  flow- 
rate  lor  a  given  resistance,  the  higher 
the  airway  pressure:  and  the  higher 
the  pressure,  the  greater  the  flow.  Us- 
ing the  trumpet  analogy  again,  "air- 
way" size  is  constant  when  playing  a 
particular  note  on  the  scale,  and  the 
trumpeter  plays  the  note  louder  or 
softer  by  increasing  or  decreasing 
pressure  and  hence  flow  across  the 
vibrating  lips.  High  flowrates  can  be 
achieved  through  very  small  orifices 
if  the  driving  pressure  is  high 
enough — as  for  example  with  the  use 
of  a  high-flow  oxygen  blender  at- 
tached to  a  wall  outlet  at  50  psi. 

David  J  Pierson  MD 

Medical  Director 

Respiratory  Care 

Harborview  Medical  Center 

Professor  of  Medicine 

University  of  Washington 

Seattle,  Washington 
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Manuscript-Preparation  Instructions  for 
Authors  and  Typists 


General  Information 

Respiratory  Care  welcomes  original  manuscripts  related  to 
respiratory  care  and  prepared  according  to  these  Instructions. 
Perfection  is  not  required,  but  efforts  in  that  direction  are 
appreciated.  Computer  diskette  submissions  are  encouraged 
and  may  reduce  processing  and  review  time.  See  requirements 
in  these  Instructions. 

Editorial  consultation  is  available  by  telephone  or  letter  at 
any  stage  of  planning  or  writing.  Specific  guidance  (in  printed 
form)  will  be  provided  on  request  for  writing  a  research  paper, 
a  case  report,  an  evaluation,  a  review,  overview,  or  update  or  a 
book  review;  for  converting  to  and  from  SI  units;  and  for  in- 
house  manuscript  review.  For  typists,  a  model  manuscript,  list 
of  journal  name  abbreviations,  and  copy  of  these  Instructions 
is  available.  Write  to  Respiratory  Care,  11030  Abies  Lane, 
Dallas  TX  75229-4593,  or  call  (214)  243-2272. 

Manuscripts  are  reviewed  by  authoritative  referees  in  a  dou- 
ble-blind manner.  Accepted  manuscripts  may  be  copyedited 
for  clarity  and  style;  authors  receive  galleys  to  proofread 
before  publication.  Published  papers  are  copyrighted  by  the 
publisher  and  may  not  be  published  elsewhere  without  per- 
mission. 

Publication  Categories 

Research  Article:  A  report  of  an  original  investigation  (a 
study). 

Evaluation  of  Device/Method/Technique:  A  description  and 
evaluation  of  an  old  or  new  device,  method,  technique,  or 
modification. 

Case  Report:  A  report  of  a  clinical  case  that  is  uncommon,  or 
was  treated  in  a  new  way,  or  is  exceptionally  instructive.  All 
authors  must  have  been  associated  with  the  case.  A  case- 
managing  physician  must  either  be  an  author  or  furnish  a  letter 
approving  the  manuscript. 

Review  Article:  A  comprehensive,  critical  review  of  the  lit- 
erature and  state-of-the-art  summary  of  a  pertinent  topic  that 
has  been  the  subject  of  at  least  40  published  research  articles. 

Overview:  A  critical  review  of  a  pertinent  topic  about  which 
not  enough  has  been  published  to  merit  a  Review  Article. 

Update:  A  report  of  subsequent  developments  in  a  topic  that 
has  been  critically  reviewed  in  this  journal  or  elsewhere. 

Point  of  View  Paper:  A  paper  expressing  personal  but  sub- 
stantiated opinions  on  a  pertinent  and  controversial  topic. 
Special  Article:  A  pertinent  paper  not  fitting  one  of  the  fore- 
going categories  may  be  acceptable  as  a  Special  Article.  It  is 


advisable  to  consult  the  Editor  before  writing  or  submitting 
such  a  paper. 

Editorial:  A  paper  drawing  attention  to  a  pertinent  concern;  it 
may  present  an  opposing  opinion,  clarify  a  position,  or  bring  a 
problem  into  focus. 

Letter:  A  signed  communication  about  prior  publications  in 
this  journal,  or  about  other  pertinent  topics.  Tables  and  illustra- 
tions may  be  included.  Type  double-spaced,  supply  a  title, 
mark  "For  publication." 

Blood  Gas  Corner:  A  brief,  instructive  case  report  involving 
respiratory  care  blood  data — with  questions,  answers,  dis- 
cussion. 

PFT  Corner:  Like  Blood  Gas  Corner,  but  involving  pul- 
monary function  tests. 

Test  Your  Radiologic  Skill:  Like  Blood  Gas  Corner,  but 
involving  pulmonary  medicine  radiography  and  including  one 
or  more  radiographs,  may  involve  imaging  techniques  other 
than  conventional  chest  radiography. 

Review  of  Book,  Film,  Tape,  or  Software:  A  balanced,  crit- 
ical review  of  a  recent  release. 

Considerations 

Prior  and  Duplicate  Publication:  Work  that  has  been  pub- 
lished or  accepted  elsewhere  usually  should  not  be  submitted. 
In  special  instances,  the  Editor  may  consider  such  material, 
provided  that  permission  to  publish  is  given  by  the  author  and 
other  publisher.  Please  consult  the  Editor  before  submitting 
such  work. 

Authorship:  All  persons  listed  as  authors  should  have  par- 
ticipated in  the  reported  work  and  the  shaping  of  the  manu- 
script; all  should  have  proofread  the  submitted  manuscript;  and 
all  should  be  able  to  publicly  discuss  and  defend  the  paper's 
content.  A  paper  with  collective  (corporate)  authorship  must 
specify  the  key  persons  responsible  for  the  article.  Authorship 
is  not  justified  solely  on  the  basis  of  solicitation  of  funding, 
collection  or  analysis  of  data,  provision  of  advice,  or  similar 
services.  Persons  performing  such  ancillary  services  may  be 
recognized  in  the  Acknowledgments  section. 

Conflict  of  Interest:  Authors  of  research  or  evaluation  papers, 
points  of  view,  or  editorial  are  asked  to  disclose  on  the  manu- 
script's title  page  any  liaison  or  financial  arrangement  they 
may  have  with  a  manufacturer  or  distributor  whose  product 
figures  in  the  submitted  manuscript  or  with  the  manufacturer 
or  distributor  of  a  competing  product.  (Such  arrangements  will 
not  disqualify  a  paper  from  consideration  and  will  not  be  dis- 
closed to  reviewers.) 
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INSTRUCTIONS  FOR  AUTHORS  &  TYPISTS 


Preparation  of  the  Manuscript 


Details  about  Sections: 


Note:  in  addition  to  reading  these  Instructions,  authors  and 
typists  can  benefit  from  inspecting  papers  recently  published  in 
Respiratory  Care  and  using  them  as  models. 

General  Specifications 

Type  on  one  side  of  white  bond  paper.  216  x  279  mm  (8  in.  x 
I  1  in.)  with  margins  of  at  least  25  mm  (  1  in.)  on  all  sides  of  the 
page.  Double-space  the  entire  manuscript  (three  lines  per  ver- 
tical inch).  Number  all  pages  in  upper-right  corners.  Indent 
paragraphs  5  spaces.  Do  not  justify.  Do  not  underline  titles, 
headings,  or  other  words.  Do  not  type  authors'  names  or  other 
identification  anywhere  except  on  the  title  page.  Repeat  title 
only  (no  authors)  on  the  abstract  page.  Begin  each  of  the  fol- 
lowing on  a  new  page:  title  page,  abstract,  text,  product- 
sources  list,  acknowledgments,  reference  list,  each  table,  each 
appendix,  list  of  figure  legends.  Use  standard  English.  Employ 
the  first  person  and  active  voice  (eg.  "We  believe  that  pigs  can 
fly")  rather  than  the  'obscure  person'  and  passive  voice  (eg.  "It 
is  believed  that  pigs  can  fly") — because  the  latter  obscures  the 
identity  of  the  responsible  party  (the  believer). 

Headings  in  Text:  Center  main  section  headings  on  the  page 
and  type  them  in  capital  and  small  letters  (eg.  Introduction. 
Methods.  Results,  Discussion).  Begin  subheadings  at  the  left 
margin  and  type  them  in  capital  and  small  letters  (eg.  Patients. 
Equipment.  Statistical  Analysis).  Do  not  underline  or  darken 
section  headings  or  subheadings. 

Manuscript  Structure 

Most  kinds  of  papers  have  standard  parts  in  a  standard  order, 
as  shown  hereafter.  However,  papers  can  vary  individually, 
and  not  all  papers  will  have  all  the  parts  listed  here. 

Research  Article:  Title  Page.  Abstract,  Introduction.  Meth- 
ods, Results.  Discussion.  Conclusions.  Product  Sources, 
Acknowledgments.  References.  Tables.  Appendices.  Figure 
Legends. 

Evaluation  of  Device/Method/Technique:  Title  Page,  Ab- 
stract. Introduction.  Description  of  Device/Method/Technique, 
Evaluation  Methods.  Evaluation  Results,  Discussion.  Conclu- 
sions, Product  Sources.  Acknowledgments,  References. 
Tables.  Appendices.  Figure  Legends. 

Case  Report:  Title  Page.  Introduction.  Case  Summary.  Dis- 
cussion. References.  Tables.  Figure  Legends. 

Review  Article:  Title  Page.  Table  of  Contents.  Introduction. 
Review  of  the  Literature.  State-of-the-Art  Summary.  Acknowl- 
edgments. References.  Tables,  appendices,  and  illustrations 
may  be  included.  Other  formats  may  be  suitable. 


Point  of  View  Paper:  Title  Pag 
and  illustrations  may  be  included. 


Text.  Referenc 


Tables 


Title:  Make  the  paper's  title  as  specific,  clear,  and  yet  as  short 
as  you  can. 

Title  Page:  List  (a)  title  of  the  paper:  (b)  full  names  ol  all 
authors,  with  academic  and  credential  letters,  professional 
titles,  and  institutional  affiliations;  (c)  name,  address  (include 
building  and/or  room  number  for  courier  service),  telephone 
number,  and  Fax  number  of  corresponding  author;  (d)  name 
and  address  for  reprint  requests;  (e)  sources  of  support  such  as 
grants,  equipment,  drugs,  and  supplies;  (f)  name  of  organiza- 
tion, location,  and  date  of  any  meeting  at  which  a  version  of 
the  paper  has  been  presented;  (g)  disclosure  of  financial  rela- 
tions of  any  author  with  commercial  products  or  interests  con- 
nected with  the  paper — or  with  competing  products  or  inter- 
ests: (h)  name,  title,  and  affiliation  of  statistical  consultant,  if 
any;  and  (l)  disclaimers,  if  any. 

Abstract:  (required  only  for  research  articles  and  evaluations 
of  devices/  methods/techniques).  The  abstract  must  summarize 
what  was  studied:  why  and  how  it  was  studied:  the  results, 
including  important  data  and  statistical  significance:  and  con- 
clusions drawn  from  the  results.  All  information  in  the  abstract 
must  also  appear  in  the  paper  itself.  Do  not  cite  references  m 
the  abstract.  The  abstract  for  a  research  article  should  include 
the  following  headings  (in  all  capital  letters),  appropriately 
placed  within  the  abstract  and  followed  by  colons:  BACK- 
GROUND, METHODS,  RESULTS,  CONCLUSIONS.  The 
abstract  for  a  paper  evaluating  a  device/method/technique 
should  include  the  following  headings:  BACKGROUND, 
DESCRIPTION  OF  DEVICE,  EVALUATION  METH- 
ODS, EVALUATION  RESULTS,  CONCLUSIONS.  The 
abstract  should  be  all  one  paragraph,  not  indented,  and  not 
longer  than  250  words.  Center  title,  typed  in  capital  and  lower 
case  letters,  over  abstract. 

Introduction:  Briefly  describe  the  background  of  the  work  or 
the  paper.  Cite  only  pertinent  references,  and  do  not  review  the 
subject  extensively.  Do  not  include  data  or  conclusions  from 
the  work  reported  in  your  paper.  In  a  research  paper,  end  this 
section  with  a  clear  statement  of  the  research  question!  s)  or 
hypothesis)  es). 

Methods  Section  (in  a  research  paper):  Describe  the  selection 
of  patients,  controls,  or  laboratory  animals.  Give  details  about 
randomization.  Describe  methods  for  blinding  of  observations. 
Give  numbers  of  observations.  Report  losses  to  observation 
(eg.  dropouts  or  disqualified  subjects),  listing  numbers  of  sub- 
jects or  data  sets  lost,  when  lost,  and  why  lost.  Describe  meth- 
ods in  sufficient  detail  to  allow  other  workers  to  replicate  your 
work.  Give  references  to  established  methods:  provide  refer- 
ences and  brief  descriptions  tor  methods  that  have  been  pub- 
lished but  are  not  well  known:  describe  new  or  substantially 
modified  methods,  give  reasons  lor  using  them,  and  evaluate 
their  limitations.  Report  calibration  of  measuring  de\  ices 

Drugs — Identify  precisely  all  drugs  and  chemicals  used.  gi\  ing 
generic  names,  doses,  and  routes  ot  administration.  If  desired. 
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brand  names  may  be  given  in  parentheses  after  generic  names. 
Commercial  Products — Identify  any  commercial  product 
(including  model  number  if  applicable)  the  first  time  it  is  men- 
tioned, giving  the  manufacturer's  name,  city,  and  state  or  coun- 
try— in  parentheses  in  the  text.  If  four  or  more  products  are 
mentioned,  do  not  list  any  manufacturers  in  the  text;  instead, 
list  them  on  a  Product  Sources  page  at  the  end  of  the  text 
before  the  References.  Provide  model  numbers  when  available 
and  manufacturer's  suggested  price  if  the  study  has  cost  impli- 
cations. 

Ethics — When  reporting  experiments  on  human  subjects,  indi- 
cate that  procedures  were  in  accordance  with  the  ethical  stan- 
dards of  the  institution's  committee  on  human  experi- 
mentation. State  that  informed  consent  was  obtained  after  the 
nature  of  the  procedure(s)  had  been  explained.  Do  not  use 
patient's  names,  initials,  or  hospital  numbers  in  text  or  illustra- 
tions. When  reporting  experiments  on  animals,  indicate  that 
the  institution's  or  any  national  guide  or  national  law  on  the 
care  and  use  of  laboratory  animals  was  followed. 

Statistics — In  the  last  paragraph  of  the  Methods  section,  iden- 
tify the  statistical  tests  used  in  analyzing  the  data,  and  give  the 
prospectively  determined  level  of  significance.  Cite  references 
to  support  choices  of  tests.  (Cite  textbooks  or  published  arti- 
cles, not  handbooks  of  commercial  software.)  Identify  any  gen- 
eral-use or  commercial  computer  programs  used,  naming  man- 
ufacturers and  their  locations. 

Results  Section:  Present  results  in  logical  sequence  in  the  text. 
Tables  and  illustrations  may  also  present  data.  Do  not  repeat  in 
the  text  all  the  data  in  the  tables  or  illustrations;  emphasize  or 
summarize  only  important  observations  and  trends.  Be  sure  to 
report  all  the  results;  do  not  save  some  of  them  for  the  Dis- 
cussion section.  Do  not  discuss  the  findings  in  the  Results  sec- 
tion. Exact  p  values  are  preferred  in  all  cases  but  are  essential 
when  values  are  not  statistically  significant.  Do  not  report  orig- 
inal results  merely  as  nonsignificant  or  NS. 

Discussion  Section:  It  may  be  useful  to  restate  the  research 
question(s),  but  do  not  repeat  in  detail  the  data  or  other  mate- 
rial given  in  the  Introduction.  Methods,  or  Results  sections. 
Emphasize  the  new  and  important  aspects  of  the  study  and  the 
conclusions  that  follow  from  them.  Present  the  implications 
and  limitations  of  the  findings — including  implications  for 
future  research.  Relate  the  findings  to  other  relevant  published 
work.  Link  the  conclusions  with  the  goals  of  your  work,  but 
avoid  unqualified  statements  and  conclusions  not  completely 
supported  by  your  data.  Avoid  claiming  priority  and  alluding 
to  work  that  has  not  been  completed.  State  new  hypotheses 
when  warranted,  but  clearly  label  them  as  such.  Recommenda- 
tions, when  appropriate,  may  be  included.  Provide  a  clear 
'take-away'  message  for  readers — either  at  the  end  of  the  Dis- 
cussion section  or  in  a  separate  Conclusions  section. 

Product  Sources  Page:  When  more  than  three  commercial 
products,  including  statistical  software,  are  mentioned  in  the 
paper,  list  manufacturers'  names,  cities,  and  states  or  countries 
on  a  Product  Sources  page  after  the  text.  For  each  kind  of 


product,  list  the  generic  term,  brand  name  and  model  number, 
manufacturer's  name.  city,  and  state  or  country.  Man- 
ufacturer's suggested  price  should  be  included  when  the  study 
or  evaluation  has  cost  implications.  For  example: 

Manual  Resuscitators: 

BagEasy.  Respironics  Inc.  Murrysville  PA.  $20.50 

Code  Blue.  Vital  Signs  Inc.  Totowa  NJ,  $19.85 

Ventilators: 

7200.  Puritan-Bennett  Corp.  Overland  Park  KS 

Bear  Cub.  Bear  Medical  Systems.  Riverside  CA 

Acknowledgments  Page:  On  this  page  you  may  recognize  the 
services  of  persons  who  made  ancillary  contributions  to  the 
work  or  the  manuscript.  Such  services  might  be  advice  about 
methodology;  data  collection;  statistical  advice  or  analysis; 
equipment  selection  or  operation:  cooperation  as  caregiver, 
patient,  or  subject;  manuscript  preparation;  in-house  review; 
and  other  services.  Each  acknowledgment  must  specify  the  ser- 
vice rendered.  Named  persons  must  provide  written  agreement 
(accompanying  submitted  manuscript)  to  be  so  recognized. 

References 

Use  of  References:  References  are  used  to  support  statements 
of  fact,  to  indicate  sources  of  information,  or  to  guide  readers 
to  further  information.  Be  careful  to  make  clear  in  the  text  the 
reason  for  a  specific  citation  (ie,  do  not  imply  support  of  a 
statement  of  fact  by  citing  a  reference  that  simply  addresses 
the  issue).  Cite  only  sources  that  have  actually  been  consulted 
and  evaluated  by  the  authors.  Cite  only  published  or  accepted 
material.  Cite  original  articles  in  preference  to  textbooks, 
review  articles,  abstracts,  editorials,  or  letters.  Avoid  citing 
abstracts  more  than  3  years  old  and  make  every  effort  to  deter- 
mine whether  an  abstract  has  been  subsequently  published  as  a 
full-length  paper.  Avoid  citing  non-English  language  sources. 
When  citing  from  a  book,  specify  the  page  numbers  unless  you 
are  citing  the  entire  book.  If  you  cite  a  paper  that  has  been 
accepted  but  not  yet  published  ("in  press"),  provide  a  copy  of 
the  paper  to  the  Editor  when  you  submit  your  manuscript. 

Do  not  cite  unpublished  observations  as  references.  Instead, 
identify  written  (not  oral)  communications  in  parentheses  in 
the  text,  giving  the  writer's  name  and  location  and  the  date  of 
the  communication.  Information  from  manuscripts  submitted 
but  not  yet  accepted  should  be  cited  in  the  text  (in  parentheses) 
as  "unpublished  observations." 

Citing  References  in  the  Text:  The  first  reference  you  cite  is 
Reference  1.  the  next  is  Reference  2.  etc.  After  the  first  citation 
of  a  reference,  use  its  original  number  if  you  cite  it  again  later 
in  the  paper.  Cite  references  by  superscript,  full-size,  arabic 
numerals.  Do  not  enclose  in  parentheses.  If  a  citation  numeral 
is  located  at  the  end  of  a  phrase  or  sentence,  place  the  numeral 
after  (outside)  the  comma,  semicolon,  or  period  -not  before 
(inside)  it.  Avoid  citing  references  at  the  end  of  a  phrase  or  sen- 
tence if  they  pertain  only  to  internal  parts  of  the  phrase  or  sen- 
tence: instead,  cite  them  at  the  pertinent  places  within  the 
phrase  or  sentence. 
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Listing  References:  Starting  on  a  new  page  after  the  text,  list 
the  references  in  numerical  order.  Do  not  employ  "op  cit"  or 
"ibid."  Type  references  double-spaced,  using  the  styles  of  the 
examples  given  hereafter.  List  all  authors  (do  not  use  "et  al"). 
In  titles  of  articles  and  books,  capitalize  only  first  words  and 
proper  names.  Abbreviate  journal  names  as  in  Index  Medicus. 
Spell  out  in  full  the  names  of  less  well  known  or  nonindexed 
journals  and  periodicals  If  the  cited  item  is  an  abstract,  edi- 
torial, or  letter,  identify  it  as  such  in  parentheses  following  the 
item's  title.  Provide  both  first  and  last  complete  page  numbers. 
Do  not  leave  spaces  between  dates  and  volume  and  page  num- 
bers. Obtain  authors'  names,  article  and  book  titles,  dates,  and 
volume  and  page  numbers  from  the  original  cited  articles  and 
books,  not  from  other  articles'  reference  lists,  which  often  are 
inaccurate.  Examples  of  correct  reference  listings  follow  (these 
are  single-spaced  here  but  must  be  double-spaced  in  a  manu- 
script). 

Article  in  a  journal  carrying  pagination  throughout 
volume: 

1.  Shepherd  KE,  Johnson  DE.  Bronchodilator  testing:  an 
analysis  of  paradoxical  responses.  Respir  Care  1988; 
33:667-67 1 . 

Article  in  publication  that  numbers  every  issue  beginning 
with  Page  1 : 

2.  Bunch  D.  Establishing  a  national  database  for  home 
care.  AARC  Times  1991 :15(Mar):61, 62,64. 

Corporate  author  journal  article: 

3.  American  Association  for  Respiratory  Care.  Criteria  for 
establishing  units  for  chronic  ventilator-dependent 
patients  in  hospitals.  Respir  Care  1988;33:1044-1046. 

Article  in  journal  supplement:  (Journals  differ  in  their  meth- 
ods of  numbering  and  identifying  supplements.  Supply  suf- 
ficient information  to  allow  retrieval.) 

4.  Reynolds  HY.  Idiopathic  interstitial  pulmonary  fibrosis. 
Chest  1986:89(3,  Suppl):  139s- 143s. 


Letter  in  journal: 

8.  Smith  DE,  Herd  D.  Gazzard  BG.  Reversible  bron- 
choconstriction  with  nebulised  pentamidine  (letter). 
Lancet  1988:2:905. 

Paper  accepted  but  not  yet  published: 

9.  Hess  D.  New  therapies  for  asthma.  Respir  Care  (year,  in 
press). 

Personal  author  book:  (Specific  pages  should  be  cited  when- 
ever possible.) 

10.  Nunn  JF.  Applied  respiratory  physiology.  New  York: 
Appleton-Century  Crofts.  1969. 

Note:  To  specify  pages  in  a  book,  place  a  colon  after  the  year 
and  then  list  the  page(s).  Examples:  1969:85  (one  page), 
1969:85-95  (series  of  contiguous  pages).  1969:85.95  (separ- 
ated pages). 

Corporate  author  book:  (Specific  pages  should  be  cited 
whenever  possible.) 

11.  American  Medical  Association  Department  of  Drugs. 
AMA  drug  evaluations,  3rd  ed.  Littleton  CO:  Publishing 
Sciences  Group.  1977. 

Book  with  editor(s):  (Specific  pages  should  be  cited  when- 
ever possible.) 

12.  Guenter  CA,  Welch  MH.  editors.  Pulmonary  medicine. 
Philadelphia:  JB  Lippincott.  1977. 

Chapter  in  book:  (Specific  pages  should  be  cited  whenever 
possible.) 

13.  Pierce  AK.  Acute  respiratory  failure.  In:  Guenter  CA. 
Welch  MH.  editors.  Pulmonary  medicine.  Phildelphia: 
JB  Lippincott.  1977:171-223. 


Abstract  in  journal:  (Abstracts  are  not  strong  references. 
Abstracts  more  than  3  years  old  should  not  be  cited.  When 
cited,  abstracts  should  be  identified  as  such.) 

5.  Stevens  DP.  Scavenging  ribavirin  from  an  oxygen  hood 
to  reduce  environmental  exposure  (abstract).  Respir 
Care  1990:35:1087-1088. 

Kditorial  in  journal: 

6.  Rochester  DF.  Does  respiratory  muscle  rest  relieve 
fatigue  or  incipient  fatigue?  (editorial).  Am  Rev  Respir 
Dis  1988:138:516-517. 

Editorial  with  no  author  given: 

7.  High  frequency  ventilation  (editorial).  Lancet  1991: 
1:706-708. 


Newspaper  article: 

14.  Rensberger  B.  Specter  B.  CFCs  may  be  destroyed  by 
natural  process.  The  Washington  Post  1988  Aug  7:Sect 
A:2(Col5). 

Dictionary  or  similar  reference: 

15.  Pneumohemopericardium.  Dorland's  illustrated  medical 
dictionary.  26th  ed.  Philadelphia:  WB  Saunders.  1981: 
1038. 

Tables:  Use  tables  to  display  information,  compare  dat.i.  or 
show  trends.  Start  each  table  on  a  separate  page.  Do  not  con- 
struct a  table  with  fewer  than  four  lines  (rows)  of  data  (instead. 
put  the  data  in  the  text).  Avoid  more  than  8  columns  across. 


RESPIRATORY  CARE  •  AUGUST  '93  Vol  38  No  8 


957 


INSTRUCTIONS  FOR  AUTHORS  &  TYPISTS 


Number  tables  as  Table  1.  Table  2.  etc,  consecutively  in  the 
order  of  their  first  mention  in  the  text.  Place  the  number  and  a 
descriptive  title  above  the  table  (not  on  a  separate  page  I.  Give 
each  column  a  brief  heading.  Place  explanatory  matter  in  foot- 
notes, not  in  the  title  or  column  headings.  Explain  in  footnotes 
all  nonstandard  abbreviations  and  symbols  used  in  the  table. 
To  key  footnotes  to  the  table  body,  use  conventional  designa- 
tions (asterisk,  dagger,  double  dagger,  etc)  in  consistent  order, 
placing  them  superscript  in  the  table  body. 

Double-space  all  elements  of  tables,  including  titles,  column 
headings,  data,  and  footnotes.  Continue  a  deep  table  on  fol- 
lowing pages.  Do  not  use  horizontal  or  vertical  rules.  Do  not 
submit  tables  as  photographs,  or  reduced  in  size,  or  on  oversize 
paper.  Use  the  same  typeface  as  in  the  text.  Supply  the  name 
and  version  of  any  table-building  computer  program  used. 

Appendices:  Mathematical  calculations,  documents,  and  other 
matter  that  would  clutter  the  main  article  can  be  displayed  in 
appendices.  Number  them  as  Appendix  1 .  Appendix  2.  etc.  and 
refer  to  them  in  the  text.  Give  each  appendix  a  descriptive  title 
and  type  it  double-spaced  throughout. 

Illustrations:  Graphs,  line  drawings,  photographs,  and  radio- 
graphs are  called  figures.  Use  only  illustrations  that  clarify  and 
augment  the  text.  Number  them  consecutively  as  Fig.  I.  Fig.  2. 
etc,  according  to  the  order  in  which  they  are  first  mentioned  in 
the  text.  Figures  for  publication  must  he  of  professional  qual- 
ity, but  rough  sketches  may  accompany  the  submitted  manu- 
script, with  final  figures  to  be  prepared  after  review.  Figures 
need  not  be  photographic  reproductions.  Clear,  clean  laser- 
printer-generated  figures  are  acceptable  (121-144  dpi). 
Remember  that  originals  that  are  roughly  7x9  inches  will  be 
reduced  to  less  than  50%  (3  x  4  in)  and  originals  with  a  hor- 
izontal dimension  of  9  in  will  be  reduced  to  less  than  33%. 
Photographs  must  be  glossy  5  x  7  to  8  X  10-inch  black  and 
white  prints,  unless  color  is  essential.  (If  color  is  essential,  con- 
sult the  Editor  to  learn  whether  negatives,  transparencies,  or 
prints  are  required.)  In  reports  of  animal  experiments,  use 
schematic  drawings,  not  photographs.  A  letter  of  consent  must 
accompany  any  photograph  in  which  a  possibility  of  identifica- 
tion of  a  person  exists;  masking  the  eyes  is  not  sufficient.  Let- 
tering and  numerals  must  be  neat,  uniform  in  size  and  style, 
and  large  enough  to  remain  legible  when  downsized  for  pub- 
lication. Do  not  place  titles  and  detailed  explanations  on  fig- 
ures; put  such  information  in  the  figure  legends.  Identify  each 
figure  on  the  back  with  a  stick-on  label  showing  figure  num- 
ber, an  arrow  indicating  the  top.  and  an  abbreviated  manuscript 
title.  Omit  author's  name.  Cover  label  with  clear  tape  so  ink 
will  not  smudge  other  prints.  Do  not  use  staples  or  paper  clips, 
and  do  not  write  heavily  on  the  backs  of  prints. 
Radiographs:  If  possible,  submit  radiographs  as  full-size  cop- 
ies of  films,  not  as  prints.  Prints  may  be  acceptable,  but  full- 
size  films  are  preferable  in  order  to  display  better  detail  in  pub- 
lished figures.  Be  sure  all  figures  are  cited  in  the  text.  It  an} 
figure  has  been  published  before,  include  copyright-holder's 
written  permission  to  use  it. 

Figure  Legends:  Its  legend  should,  to  the  extent  possible, 
make  a  figure  understandable  without  referring  the  reader  to 


the  text.  Type  figure  legends  double-spaced,  on  a  separate 
page,  as  Fig.  1.  Fig.  2.  etc.  When  symbols,  arrows,  numbers,  or 
letters  are  used  to  identify  parts  of  a  figure,  identify  and 
explain  each  part  clearly  in  the  legend.  In  photomicrographs, 
explain  the  internal  scale  and  method  of  staining.  If  a  figure 
has  been  published  before,  acknowledge  the  original  source  in 
its  legend  (permission  must  be  obtained  prior  to  use.  of 
course). 

Units  of  Measurement:  Give  measurements  of  length,  height, 
weight,  and  volume  in  metric  units  appropriately  abbreviated. 
Give  temperatures  in  degrees  Celsius.  Give  blood  pressures  m 
millimeters  of  mercury  (mm  Hg).  Report  hematologic  and  clin- 
ical-chemistry measurements  in  conventional  metric  system 
and  in  SI  units  (International  System  of  Units).  Show  gas 
pressures  (including  blood  gas  tensions)  in  torr.  List  SI  equiv- 
alent values,  when  possible,  in  brackets  following  non-SI  val- 
ues—for example.  "PEEP.  10  cm  FLO  [0.981  kPa]."  For  con- 
version to  SI,  see  Respiratory  Care  1988;33:861-873  (Oct 
1988)  and  1989:34:145  (Feb  1989). 

Arithmetic:  Carefully  double-check  all  arithmetic  before  sub- 
mitting the  paper.  Accuracy  is  the  author's  responsibility: 
errors  are  common! 

Abbreviations  and  Symbols:  Use  standard  abbreviations  and 
symbols.  Avoid  creating  new  abbreviations.  Avoid  all  abbre- 
viations in  the  title  and  unusual  abbreviations  in  the  abstract. 
Use  an  abbreviation  only  if  the  term  occurs  several  times  in  the 
paper.  Write  out  the  full  term  the  first  time  it  appears,  followed 
by  the  abbreviation  in  parentheses.  Thereafter,  employ  the 
abbreviation  alone.  Never  use  an  abbreviation  without  defining 
it.  Standard  units  of  measurement  can  be  abbreviated  without 
explanation  (eg.  10  L/min.  15  torr,  2.3  kPa).  If  you  employ  a 
great  many  abbreviations  and  symbols,  provide  a  double- 
spaced  list  of  them,  with  their  definitions,  in  alphabetical 
order. 

Please  use  the  following  forms:  cm  FLO  (not  cmFLO).  f  (not 
bpm).  L  (not  1).  L/min  (not  LPM.  l/min.  or  1pm).  mL  (not  ml), 
mm  Hg  (not  mmHg).  pH  (not  Ph  or  PH).  p  >  0.001  (not 
p>0.00l ).  s  (not  sec).  Spo:  (pulse  oximetry  saturation). 

Computer  Diskettes:  A  manuscript  may  be  submitted  on  a 
Macintosh  or  IBM-compatible  diskette.  Macintosh  docu- 
ments on  3.5  in.  diskettes  written  in  Microsoft  Word  ver- 
sions 4.0  and  5.0  are  preferred.  Acceptable  programs  are 

MacWrite.  Macintosh  Works.  Word  for  Window  version  3.0: 
WindowsWrite;  WordPerfect  versions  4.1.  4.2.  5.0:  WordStar 
releases  3.3.  3.45.  4.0. 

Label  each  diskette  with  date;  author's  name;  name  of  word 
processing  program  and  version  used  to  prepare  documents; 
and  filename! s).  II  not  enough  space  is  available,  list  contents 
on  disk  jacket  or  an  attached  note.  Do  not  write  ^u  a  diskette 
except  with  a  felt  lipped  pen 

Tables  and  figures  must  be  in  their  own  separate  files,  with 
software  identified. 
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Together  with  diskette,  supply  three  hard  copies  of  the  manu- 
script. Do  not  paperclip  a  diskette  to  its  hard  copy. 

Proofreading  and  In-House  Review:  Have  all  authors  proof- 
read the  manuscript  for  content  accuracy  and  language.  Con- 
sider having  the  manuscript  reviewed  in-house  by  colleagues 
before  submitting  it. 

Submitting  the  Manuscript 

Use  the  checklist  below  to  make  sure  the  manuscript  is  ready 
for  mailing.  Mail  three  copies  of  the  manuscript  and  figures  to 
Respiratory  Care,  11030  Abies  Lane,  Dallas  TX  75229- 
4593.  Do  not  Fax  manuscripts.  Protect  figures  with  cardboard 
to  prevent  bending.  A  computer  diskette  submission  must  be 
accompanied  by  the  requisite  three  hard  copies.  Keep  a  copy 
of  the  manuscript  and  figures  in  your  files  in  case  of  loss.  You 
will  be  sent  an  acknowledgment  that  your  manuscript  has  been 
received. 

Cover  Letter:  The  manuscript  must  be  accompanied  by  a  cov- 
ering letter  signed  by  all  the  authors.  The  letter  must  specify 
the  intended  publication  category  and,  when  there  are  two  or 
more  authors,  state  that  "We,  the  undersigned,  have  all  par- 
ticipated in  the  work  reported,  proofread  the  accompanying 
manuscript,  and  approved  its  submission  for  publication." 


Permissions:  The  manuscript  must  be  accompanied  by  copies 
of  permissions  to  reproduce  published  material  (figures  or 
tables);  to  use  illustrations  of,  or  report  sensitive  personal 
information  about,  identifiable  persons;  or  to  name  persons  in 
the  Acknowledgments  section. 

Author's  Checklist: 

1.  Does  paper  fit  a  listed  publication  category? 

2.  Does  the  cover  letter  meet  specifications? 

3.  Is  the  title  page  complete? 

4.  Is  double-spacing  used  throughout  entire  manuscript? 

5.  Are  all  pages  numbered  in  upper-right  corners? 

6.  Are  paragraphs  indented  5  spaces? 

7.  Are  all  references,  figures,  and  tables  cited  in  the  text? 

8.  Are  references  typed  in  requested  style? 

9.  Have  SI  values  been  provided? 

10.  Has  all  arithmetic  been  checked? 

1 1.  Have  generic  names  of  drugs  been  provided? 

12.  Have  necessary  written  permissions  been  provided? 

13.  Have  authors'  names  been  omitted  from  text  and  figure 
labels? 

14.  Have  copies  of  "in  press"  references  been  provided? 

15.  Has  manuscript  been  proofread  by  all  authors? 
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Notices 


Notices  ol  competitions,  scholarships,  fellowships,  examination  dates,  new  educational  programs,  and  the  like  will  be  listed  here  free  of 
charae  hems  for  the  Notices  section  must  reach  ihe  Journal  60  days  before  the  desired  month  of  publication  ( January  I  for  the  March  issue. 
February  I  for  the  April  issue,  etc)  Include  all  pertinent  information  and  mail  nonces  to  RESPIRATORY  Care  Notices  Dept.  1 1030  Abies 
lane.  Dallas  TX  75229-4593 


The  American  Respiratory  Care  Foundation  Awards  for  1993 

1 .  Dr  Allen  DeVilbiss  Literary  Award  for  the  best  paper  published  from  November  1992  through  October  1993  that  address- 
es new  technology  or  a  new  application  of  current  technology  in  respiratory  care:  $2,000  cash  plus  travel  expenses  to  the 
AARC  Annual  Meeting  to  receive  the  award. 

2.  $2,000  for  the  best  original  paper  (study,  evaluation,  or  case  report)  accepted  for  publication  from  December  1992 
through  October  1993.  This  award  is  not  limited  to  papers  based  on  OPEN  FORUM  presentations. 

3.  Four  awards  of  $  1 ,000  each  for  papers  accepted  for  publication  from  November  1 992  through  October  1993  based  on  any 
OPEN  FORUM  presentation  (not  limited  to  1992  OPEN  FORUM). 

4.  Five  awards  of  $500  each  for  the  best  papers  submitted  (not  necessarily  published)  by  1993  OPEN  FORUM  participants 
who  have  'never  published'  in  the  Journal.  The  never-published  first  author  must  present  the  abstract  at  the  Annual 
Meeting  and  must  submit  a  paper  based  on  the  abstract  before  the  1993  Annual  Meeting  (received  in  the  Editorial  Office 
by  November  1,  1993).  Co-authors  may  have  previously  published  in  RESPIRATORY  Care. 

Three  awards  of  $333  each  are  to  be  awarded  to  the  authors  of  the  three  best  features  from  Test  Your  Radiologic  Skill.  Blood 
Gas  Corner,  Kittredge's  Corner,  and  PFT  Corner  accepted  for  publication  from  November  1992  through  October  1993.  All 
three  (or  none)  of  the  features  may  be  chosen  from  a  specific  category  (eg.  all  three  may  be  chosen  from  Blood  Gas  Corner). 

All  awards  will  be  made  at  the  1993  Annual  Meeting.  Papers  are  judged  automatically.  No  application  is  necessary. 

Annual  Meeting  Registration  Reimbursement 

As  in  the  past,  any  1993  OPEN  FORUM  presenter  (or  co-author  designee)  will  receive  complimentary  registration  for  an 
adequately  prepared  paper  based  on  his  1993  OPEN  FORUM  abstract,  submitted  prior  to  or  at  the  1993  Annual  Meeting. 


THE  NATIONAL  BOARD  FOR  RESPIRATORY  CARP:— 1993  Examination  and  Fee  Schedule 


RPFT  Examination 

EXAMINATION  DATE:  DECEMBER  4.  1 993 

Applications  Accepted  Beginning  July  I.  1993 

Application  Deadline:  September  I.  1993 

Perinatal/Pediatric  Specialty  Examination 

EXAMINATION  DATE:  MARCH  12.  1994 

Applications  Accepted  Beginning:  July  I.  1993 

Application  Deadline:  November  I.  1993 

Fee  Schedule 

Entry  Level  CRTT— new  applicant:  $  90.00 

Entry  Level  CRTT— reapplicant  $  60.00 
RRT  Written  and  Clinical  Simulation — 

new  applicant:  $190.00 

RRT  Written  and  Clinical  Simulation — reapplication  $160  00 

Written  Registry  Only — new  applicant.  $  90.00 

Written  Registry  Only — reapplicant.  1>  60.00 


Clinical  Simulation  Only — new  &  reapplicant 
Entry  Level  CPFT — new  applicant: 
Entry  Level  CPFT — reapplicant: 
Advanced  RPFT    -new  applicant: 
Advanced  RPFT — reapplicant: 
Perinatal/Pediatric— new  applicant: 
Perinatal/Pediatric-  -reapplicant: 


CRTT  Recredentialing 

RRT  Recredentialing 

Written  Registry  Examination 
Clinical  Simulation  Examination 

CPFTRecredenliahng 

RPFT  Recredentialing: 

P/P  Spec  Credentialing: 

Membership  Renewal: 

CRTT/RRT/CPFT/RPFT 


t: 

$100.00 

$100.00 

$  80.00 

$150.00 

$  1 30.00 

$150.00 

$130.00 

Active 

Inactive 

$25.00 

$  60.00 

$25.00 

$  60.00 

$65.00 

$100.00 

$25.00 

$  80.00 

$25.00 

$130.00 

$25.00 

$130.00 

8310  Neiman  Road  •  Lenexa,  Kansas  66214  •  (913)  599-4200 
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Not-for-profit  organizations  are  offered  a  free  advertisement  of  up  to  eight  lines  to  appear,  on  a  space-available  basis,  in  Calendar  of  Events  in 
RESPIRATORY  CARE.  Ads  for  other  meetings  are  priced  at  $5.50  per  line  and  require  an  insertion  order.  Deadline  is  the  20th  of  the  month  two 
months  preceding  the  month  in  which  you  wish  the  ad  to  run.  Submit  copy  and  insertion  orders  to  Calendar  of  Events,  RESPIRATORY  CARE, 
1 1030  Abies  Lane,  Dallas  TX  75229-4593. 


Calendar 
of  Events 


AARC  &  AFFILIATES 

August  15  in  Gaithersburg,  Maryland.  All  MD/DC 

respiratory  care  practitioners  are  invited  to  attend  the 
Respiratory  Care  Family  Day  Picnic  1993  at  Smokey 
Glenn  Farm.  The  event  is  sponsored  by  MD/DC  area 
vendors.  Contact  Jeanette  Ledbetter  at  (202)  574-6724 
or  Elgloria  Harrison  at  (703)  643-9422. 

September  17-18  in  Fukuoka,  Japan.  The  Japanese 
Society  of  Therapeutics  and  Engineering  along  with  co- 
sponsors  the  American  Association  for  Respiratory  Care, 
Team  Medicine  CE,  and  the  Asian  Pacific  Association  for 
Respiratory  Care  presents  the  Pan-Pacific  Forum  on 
Respiratory  Care  1993  at  the  Momochi  Palace.  Contact 
Koga  Hospital  Medical  Research  Institute,  120  Tenjin- 
cho,  Kurume  830  Japan.  Telephone  #0942-39-6992. 

September  22-24  in  Frankenmuth,  Michigan.  The 
MSRC  presents  its  Annual  Fall  Conference  at  the  Bavar- 
ian Inn  Motor  Lodge.  The  Pulmonary  Rehabilitation 
Membership  Section  opens  the  conference  with  a  full  day 
of  lectures.  The  following  two  days  feature  lectures/ 
workshops  in  pulmonary  and  sleep  diagnostics.  Concur- 
rent lectures  are  presented  on  pediatrics,  management, 
gerontology,  and  adult  critical  care.  Social  events  include 
a  reception,  golf  outing,  sand  volleyball,  and  an  outdoor 
steak  fry.  Exhibitors  will  be  on  hand  to  display  the  latest 
in  technology.  Come  see  Michigan's  "Little  Bavaria"  and 
enjoy  the  autumn  colors  of  the  Midwest.  Contact  Caroline 
Kimmel  at  (517)  336-7605. 

September  22-24  in  Lake  Kiamesha,  New  York.  The 
NYSSRC  presents  its  Annual  Statewide  Educational 
Symposium  at  the  Concord  Resort  Hotel.  The  meeting 
features  management  and  clinical  presentations  by  John 
Downs  MD,  Robert  Kirby  MD,  Roger  Mecca  MD,  Dean 
Hess  MEd  RRT,  and  others.  Leisure  activities  include  a 
golf  tournament,  barbecue,  banquet  dinner/show,  and  pri- 
vate concert  by  singer/songwriter  John  Sebastian.  The 
magnificent  landscape  of  the  Catskill  Mountains,  fall 
foliage,  and  resort  facilities  complement  the  event. 
Contact  Mike  Aiello  at  (914)  795-5300,  fax  (914)  795- 
5305. 

September  23  in  Bettendorf,  Iowa.  Chapter  I  of  the 
Illinois  Society  for  Respiratory  Care  and  the  Iowa 
Consortium  of  Respiratory  Care  present  their  fall  semi- 


nar, "Current  Trends  in  Pulmonary  Care,"  at  Jumer's 
Hotel.  Contact  Dennis  Harker  at  (319)  383-1387  or 
Margaret  Swanson  at  (309)  694-5103. 

September  23-24  in  Napa,  California.  The  CSRC- 

Chapter  10,  the  American  Lung  Association  of  the 
Redwood  Empire,  and  the  respiratory  therapy  program 
at  Napa  Valley  College  present  the  1 1th  Annual  Napa 
Valley  Conference,  "Current  Concepts  in  Cardio- 
pulmonary Care."  Speakers  include  Robert  Kacmarek 
PhD  RRT,  David  Pierson  MD,  and  Neil  Maclntyre 
MD.  Topics  scheduled  are  "The  Respiratory 
Therapist — Year  2000,"  nitric  oxide,  long-term 
mechanical  ventilation,  hemodynamic  monitoring, 
update  on  tuberculosis,  and  sleep  disorders.  Contact 
Kate  Benscoter  at  (707)  253-3145. 

September  23-24  in  Frankenmuth,  Michigan.  The 

MSRC  Diagnostic  Section  presents  its  Fall  Seminar, 
focusing  on  exercise  with  gas  analysis,  indirect  calorime- 
try,  cardiac  output,  and  sleep  scoring.  Speakers/presen- 
ters include  Richard  Branson,  David  Viehle,  Camille 
Baldwin,  Dr  Paul  Gouin,  and  Pam  Minkley.  Contact 
Susan  Blonshine,  MSRC  Diagnostic  Section  Chair,  at 
(517)334-2646. 

September  23-24,  Indianapolis,  Indiana.  The  ISRC 
presents  its  20th  Annual  Respiratory  Care  Fall 
Conference  at  the  Marriott  Inn  East.  Contact  Pat  Ingle 
RRT,  Respiratory  Care,  Methodist  Hospital  of  Indiana, 
1701  N  Senate  Blvd,  Indianapolis  IN  46206.  (317)  929- 
5058. 

October    15    in    Uniondale,    New    York.    The 

Southeastern  Chapter  of  the  NYSRC  holds  its  25th 
Annual  Symposium,  "A  Silver  Celebration,"  at  the 
Marriott  Hotel.  Speakers  and  topics  include  Diane 
Lewis  RRT,  "The  Respiratory  Therapist  in  the  Year 
2001";  Richard  Branson  RRT,  "Essentials  of 
Mechanical  Ventilator  Orders"  and  "The  AARC 
Consensus  on  Ventilators — Third  Generation"; 
Charles  Stolar  MD,  "ECMO  and  Neonatal  Respiratory 
Distress";  Alan  Fein  MD.  "Tuberculosis  and  Its  Im- 
pact on  Health  Care  Professionals";  and  Judith 
Tietsort  RN  RRT,  "Therapist-Driven  Protocols."  The 
symposium  features  a  managers'  breakfast,  50  exhibi- 
tor booths,  the  annual  awards  luncheon,  and  concludes 
with  a  "Silver  Anniversary"  dinner  dance.  Contact 
Edward  Schrager  RRT  at  (718)  262-6089. 
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October  27-28  in  Sturbridge,  Massachusetts.  The 

MSRC  presents  its  16th  Annual  Meeting  at  the  Sturbridge 
Host  Hotel  and  Conference  Center.  A  wide  variety  of  top- 
ics (including  new  modes  of  ventilation,  computers  in 
respiratory  care,  therapist-driven  protocols,  smoking  ces- 
sation, neonatal  flow-sync  ventilation,  and  a  debate  on 
modes  of  aerosol  drug  delivery)  are  presented.  A  ARC 
Executive  Director  Sam  Giordano  MBA  RRT  presents  the 
keynote  address.  Social  events  include  Sputum  Bowl,  golf 
tournament,  awards  banquet,  and  dance.  Contact  Bill 
McGarry  at  the  MSRC  Executive  Office,  945  Concord 
Street,  Framingham  MA  01701.  (508)  620-4505. 

OTHER  MEETINGS 

August  28  in  Dallas,  Texas.  The  Baylor  Asthma  and 
Pulmonary  Rehabilitation  Center  and  the  Department  of 
Pediatrics  of  Baylor  University  Medical  Center  present 
"On  The  Front  Line:  Effective  Team-Based  Strategies 
for  Asthma  Management"  at  the  Davis  Auditorium  of 
Baylor  University  Medical  Center.  Contact  Deb  Flanders 
at  (214)  820-2317. 

September  2-3  in  Omaha,  Nebraska.  Creighton 
University  and  Quality  Health  Care  present  the  2nd 
Annual  National  Conference  on  Subacute  Care  Issues, 
"Current  Concepts  in  Subacute  Care,"  at  the  Marriott 
Conference  Center.  Lectures  focus  on  fiscal,  managerial, 
structural,  and  patient  care  issues  in  hospital-  and  non- 
hospital-based  specialty  units.  Presenters  include  former 
AARC  President  Bob  Demers  BS  RRT,  Dr  Alan 
Goldberg,  Dr  Walter  J  O'Donohue,  and  Frank  Anastasio. 
Contact  Kevin  Cornish  BS  RRT  at  (402)  873-779 1 . 

September  17  in  Beaumont,  Texas.  The  respiratory 
care  department  of  St.  Elizabeth  Hospital  presents  its  5th 
Annual  Educational  Seminar,  "Beyond  Tomorrow." 
National  and  local  speakers  will  present  lectures  on  a 
wide  variety  of  topics  for  practitioners  of  all  specialty 
areas.  Contact  Greg  Rodgers  RRT  at  (409)  899-7065. 

September  22-23  in  Midland,  Texas.  "Cardio- 
pulmonary Update"  features  Robert  M  Kacmarek  PhD 


RRT  and  others.  The  latest  thinking  on  tissue  oxygen 
extraction,  the  aging  lung,  thoracoscopy,  and  innova- 
tions in  ventilation  are  presented.  Contact  Beverly  Prich- 
ard,  CME  Coordinator,  at  (915)  685-1648  or  Helen 
Strange  CRTT  at  (915)  685-1655. 

September  30-October  1  in  Fresno,  California.  The 

Respiratory  Care  Department  and  Central  Valley 
Foundation  Valley  Medical  Center  holds  their  4th 
Annual  Conference,  "Controversies  in  Respiratory 
Care."  Speakers  include  S  David  Rubenstein  MD, 
"Liquid  Ventilation";  Edward  Abraham  MD,  "Inverse 
Ratio  Ventilation:  Effects  on  the  Cardiac  System";  Neil 
Maclntyre  MD,  "Controlled  Hypercapnia";  Alan 
Horowitz  Esq,  "Ventilator  Alarms  and  Malpractice";  and 
William  Domonic  MD,  "Surfactant  Therapy  for 
Pulmonary  Injuries."  For  information  and  a  brochure, 
contact  Karen  Boswell  or  Pete  Williams  at  (209)  453- 
5197. 

October  14-16  in  San  Francisco,  California.  The 

Department  of  Medicine,  University  of  California,  San 
Francisco  School  of  Medicine  is  sponsoring  this  program 
entitled,  "Pulmonary  &  Critical  Care  Medicine,"  at  the 
ANA  Hotel.  Fees  are  $415/physicians  and  $275/allied 
health  professionals.  Approximately  16.5  hours  Cate- 
gory I  AMA,  ACEP,  and  AAFP  credit.  Contact 
Postgraduate  Programs,  Department  of  Medicine,  1383 
Ninth  Ave,  Box  0656,  San  Francisco  CA  94143-0656. 
(415)476-5208. 

February  13-17,  1994  in  Scottsdale,  Arizona.  The 

Arizona  Heart  Institute  and  Foundation,  in  conjunction 
with  the  American  College  of  Angiology  and  the 
International  Society  for  Endovascular  Surgery,  presents 
the  International  Congress  VII  on  Endovascular 
Interventions,  "On  The  Cutting  Edge,"  at  the  Phoenician 
Resort.  Abstracts  are  currently  being  accepted;  deadline 
is  Sept.  1,  1993.  Contact  Erika  Scott,  International 
Congress  VII,  2632  N  20th  Street,  Phoenix  AZ  85006. 
(602)  266-2200.  fax  (602)  240-6160. 
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News  releases  about  new  products  and  services  will  be  considered  tor  publication  in  this  section.  There  is  no  charge  to 
these  listings.  Send  descriptive  release  and  gloss)  black  and  while  photographs  to  RESPIRATORY  CARfc  journal.  New 
Products  and  Services  Dept.  1 1030  Abies  Lane.  Dallas  TX  75229. 


New  Products 
&  Services 


FULL-FACE  SHIELD.  Splash 
Shield IM  features  a  full-length,  opti- 
cally clear  face  shield  affixed  to  a 
patented  hypoallergenic  foam  head 
band,  which  contours  to  any  fore- 
head for  a  secure,  comfortable  fit. 
Providing  an  impenetrable  barrier 
from  ear  to  ear  (7  mils  thick,  meas- 
ures 7.5"  from  forehead  to  chin  and 
13"  wraparound)  and  an  anti-fog 
coating,  this  face  shield  keeps  blood 
or  other  potentially  infectious  matter 
away  from  the  skin,  eyes,  mouth,  and 
nose  to  fully  comply  with  OSHA 
regulations,  while  allowing  air  to  cir- 
culate around  the  face  for  a  cool 
comfortable  fit.  Splash  Shield  is  unit 
packaged,  with  24  per  box.  Venmark 
International.  Dept  RC.  Suite  105. 
148  Linden  Street.  Wellesley  MA 
02181.  (617)237-5860. 

ASTHMA  EDUCATION.  The  Asth 
ma  Explorer's  Club  and  Open  Air- 
ways for  Schools  programs  are  avail- 
able through  doctors  offices  and 
schools.  The  Asthma  Explorers' 
Club  program  is  available  to  more 
than  90  asthma  camps  this  summer 
and  uses  an  exciting,  innovative 
teaching  method  to  help  children 
successfully  manage  their  condition. 


Designed  specifically  for  children 
ages  6  to  12.  the  Club  uses  a  variety 
of  interactive  materials  (self-mon- 
itoring calendar,  diary,  coloring 
book,  activity  book,  and  reading 
materials)  and.  as  always,  campers 
receive  instruction  in  the  proper  use 
of  home  treatment  and  monitoring 
equipment.  The  Open  Airways  for 
Schools  program,  developed  by  the 
ALA  with  funding  from  Fisons  Phar- 
maceuticals, is  a  6-session  school 
curriculum  for  elementary  schools. 
Nurses  or  teachers  teach  children 
with  asthma  how  to  talk  about  and 
describe  their  symptoms,  warning 
signs  of  impending  asthma  attack, 
and  specific  actions  to  prevent  them. 
Materials  are  available  through  local 
ALA  chapters  or  by  calling  (800) 
292-5542.  For  additional  information 
about  asthma  camps,  call  Penny 
Fena.  (612)  871-7332.  Please  men- 
tion Respiratory  Care  when  you 
call  about  either  of  these  programs. 


ISOLATION  CART.  The  AeroStar 
is  a  portable,  personal  isolation  cart 
for  the  administration  of  possibly 
hazardous  aerosolized  medications 
such  as  pentamidine  isethionate.  It  is 
collapsible,  with  a  small  footprint, 
and  mobile,  with  push  handles  for 
easy  transport.  Aerosolized  constitu- 
ents exhaled  by  the  patient  are  cap- 


tured through  a  HFPA  filter  that  is 
99.97<7c  efficient  at  0.3  microns.  A 
pressure  gauge  indicates  when  a 
fresh  filter  is  needed.  Respiratory 
Safety  Systems  is  a  product  line  of 
BioSafety  Systems  Inc.  For  your  free 
copy  of  the  Respiratory  Safety  Sys- 
tems catalog  and  Respiratory  Safety 
Compendium,  call  (800)  421-6556. 
Please  mention  Respiratory  Care 
when  you  call. 

EDUCATIONAL    VIDEOS.    Har 

Mar  Enterprises  Inc  and  Sweetsong 
Video  Productions  announce  the 
development  of  three  "one  of  a  kind" 
videos.  Two  videos  are  on  the  sub- 
ject of  living  with  laryngectomy  and 
one  is  devoted  to  smoking  cessation. 
All  three  feature  laryngectomee.  Har- 
vey P  Hite's  own  experiences  with 
smoking,  cancer,  surgery  for  the 
removal  of  his  larynx  and  subse- 
quent rehabilitation.  Contact  HarMar 
Enteiprises.  Dept  RC.  PO  Box  4056. 
Parkersburg  WV  26104.  (304)  428- 
5081. 
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spot-check  oximeter, 
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We  vibration-tested  it  We  subjected 
it  to  extreme  temperatures.  And  we 
shock-tested  it 

The  N-20  portable  pulse  oximeter 
met  our  tough  standards.  And  we're  so 
confident  that  it's  rugged  enough  to 
stand  up  to  yours,  we've  backed  it  with 
an  exclusive  three-year  warranty. 

Consider  these  advantages: 

•  Portable,  hand-held  operation 

•  Quick  assessment  of  patient  02 
saturation 


•  Dual  modes  for  spot  check  and 
extended  measurement 

•  Hard-copy  documentation  with 
integral  printer  in  model  N-20P 

•  Compatible  with  the  full  line  of 
NELLCOR  sensors 

For  more  information  about  the 
new  N-20  pulse  oximeter,  see 
your  Nellcor  representative  or  call 
1-800-NELLCOR. 


NELLCOR 


Internationally,  call  our  European  office  in  the  Netherlands  at  +31.73.426565  or  our  Asia/Pacific  office  at  +852.529.C 
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VOLDYNE 


Volumetric  Incentive  Deep-Breathing  Exerciser 

The  accuracy  of  Voldyne,  in  a  new  size,  matched  to  geriatric 
patients  and  patients  with  smaller  lung  capacities. 


® 


Voldyne  2500  ... 


■  A  smaller,  lighter  flow  cup  reduces  the  work  of  breathing,  thus 
improving  patient  performance  and  progress. 

■  Every  unit  is  individually  tested  and  calibrated  for  performance, 
reliability  and  superior  accuracy  of  inhaled  lung  volume. 

Volume  incentive  spirometry  improves  assessment  of  patient 

progress  by  eliminating  the  guesswork  associated  with  spirometers 
that  only  measure  flow. 

■  Graduations  printed  on  both  sides  of  the  unit  allow  the  therapist  to 
conveniently  observe  volumes  while  instructing  and  encouraging 
the  patient. 

For  further  information,  contact  your  Sherwood  OR  /  Critical  Care 
Representative  or  call:  .  «__  -  _  _  _  A  __ 

1-800-325-7472    (outside  Missouri] 

1-800-392-7318     (in  Missouri) 
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